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BALL BEARINGS 
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NOW A 


[NEW] DEPARTURE 
IN PILLOW BLOCKS 


@ Clean, rigid, compact design. 
@ Free of any lubricating fixtures. 


@ New Departure ball bearings sealed 
and lubricated-for-life. 


Pillow Blocks easily mounted with- 
out special tools. 


Only high capacity precision ball 
bearings used. 


e@ Accommodates any misalignment. 
31 shaft sizes, Y2” through 274”. 
@ Interchangeable with most makes. 


GREASE SEALED IN Saat ra 
DIRT SEALED OUT : 
with 


FAMOUS SEW ES 
on GUARD 
AGAINST DIRT 


New Departure Pillow Blocks em- 
ploy the performance-proved New 
Departure Type AE Adapter ball 
bearings with spherical O.D. for 
alignability and steel-reinforced ) | hr The bearings are easily applied to the 
Sentri-Seals for long life protection : Ff shafting and are positively locked in 
against dirt or grease leakage. ay A position with an eccentric cam locking 
4 collar and set screw. 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e@ BRISTOL, CONN; 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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IMC develops, manufactures, or 
distributes almost every conceiv- 
able kind of electrical insulating 
material, and maintains ware- 
house stocks of standard prod- 
ucts. One call or letter to IMC 
brings you up-to-the-minute tech- 
nical information. Because IMC 
sales engineers know the per- 
formance features of so many in- 
sulations, they can impartially 
select the one best for your needs. 
Contact your nearest IMC office 
for further information. 
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insulating varnishes, 
rete reP MLM rer cory 


Trem Lale) 
Uae Mera} 


varnished or coated 
OOP e eM ure ry 


A COMPLETE LINE 
OF ELECTRICAL 
INSULATING 
MATERIALS 


INMANCO ® wedges, slot 
insulation, and fabricated products 





insulating papers 


UTM letter leet y Perum 


specialists in electrical insulation 
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In This Issue 


Two More Static Control Sys- 
tems. June seems to be “static con- 
trol month” for us. Two years ago we 
Westinghouse’s 
ment of Cypak 


reported announce- 
the first packaged 
static control system for industrial 
equipment (EM June, 1955, p. 124). 
Last year we reported Cypak’s rede- 
sign after a year’s field experience 
(EM June, 1956, p. 84). Now there 
are two more static control systems 
on the market—both from General 
Electric. Starting on page 100 appli- 
cation engineer Dick Sitts of GE’s 
Metalworking Machinery Engineering 
details the design approach to both 
systems. We don’t usually let a “sales- 
man” on our pages, but the two sys- 
tems are manufactured by different 
GE departments—so we thought 
you'd prefer the impartial treatment 
(Dick will sell either one). 


Semiconductor Packaging Prob- 
lems. Common design objectives for 
electronic equipment, whether mil- 
itary or civilian, airborne or earth- 
bound, are rekability under all sorts 
of environmental conditions, small 
size, light weight and reasonable cost. 
The trend toward more reliable op- 
eration in smaller packages has been 
accelerated by developments in semi- 
conductors like transistors (replacing 
vacuum tubes), printed circuit tech- 
niques and related embedment meth- 
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ods. W. H. Klippel describes some of 
the problems encountered in applying 
such techniques in advanced develop- 
ment work done at IBM on transis- 
torized computers. He _ illustrates 
troubles encountered and their prac- 
tical solution. An example is a simple 
way of providing voltage sequencing 
in plug-in boards involving printed 
circuits. High-frequency circuits 
create special problems, too. To catch 
up with others, turn to page 112. 


Relay Symposium. When maker 
meets user, it is not surprising if ex- 
pressed opinions are as numerous as 
they are diverse. At the Fifth Annual 
Relay Symposium held at Oklahoma 
\ & M College in April, two hundred- 
odd engineers and others interested 
in the relay art gathered for three 
days to consider the pros and cons of 
relay manufacturers’ problems and 
those of standardizing agencies and 
equipment designers. The gist of im- 
portant and typical papers presented 
is to be found in the feature starting 
on page 118, and serves to indicate 
that as in previous years the primary 
concerns are for reliability and means 
of measuring it, relay testing in gen- 
eral and the various concepts of 
standardization. A strong effort for 
the latter objective is in the form of 
a Navy survey of missile relay re- 
quirements, the form and purposes of 


which are summarized in the Sym- 
posium round-up. 


JIC Electrical Standards. On 
March 20, 21 and 22 of this year the 
joint Industry Conference met in De- 
troit’s Rackham Building to revise the 
JIC Electrical Standards last issued in 
March 1953. Over 200 representatives 
of industrial equipment users, elec- 
trical equipment manufacturers, and 
various industrial associations took 
part. Because the new JIC Standards 
will be widely used by industrial 
equipment buyers as electrical speci- 
fications for machine tools, furnaces, 
presses, welders and other equipment. 
they are “must” reading for equip- 
ment designers. But before turning to 
the Standards (starting on page 127). 
you'll want to read Frank Oliver's 
editorial comment on the organiza- 
tion of JIC itself, page 99. 


Basic Glass. The many and diverse 
uses for glass as an engineering ma- 
terial in the design of electrically en- 
ergized equipment are probably taken 
for granted. Yet in many respects. 
glass constitutes a very modern class 
of materials, particularly applicable 
to stringent electronic and nuclear de- 
mands. The applications include com- 
ponents such as glass capacitors and 
resistors; structural elements as glass- 
to-metal seals, instrument windows, 
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and optical parts: printed circuit 
boards; and special-purpose glasses 
for radiation-monitoring devices and 
gamma-ray resistant instrument win- 
dows. Current design needs for super- 
high temperature components place 
new emphasis on the special advan- 
tages of high-temperature glasses. The 
development of fibrous glass elec- 
trical insulation as well as of glass- 
reinforced plastics may quite justly 
also be credited to the accomplish- 
ments of glass, since in each instance 
glass is a critical element. Turn to 
page 151 for a summary review of 
glass materials and components by 
Dr. James K. Davis, Corning Glass 


Works. 


Static Control for Power Motor. 
The use of an instrument level mag- 
netic amplifier as the brains for in- 
tegral-horsepower motor control is 
brought to a high order of efficiency 
in the system described by Maxson’s 
S. Weissman and M. Bracutt on p. 
156. This is based squarely on the 
proposition that power devices such 
as saturable reactors should bear 
power burdens, whereas sensitive cir- 
cuit functions are best accomplished 
by components like transistors which 
are marked by their discriminating 
and sensing ability rather than for 
load capacity. A major advantage of 
this control circuit is that the d-c 
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This Month’s Cover 


The graphic 
month’s cover are intended 


elements on 


this 


em- 


phasize the trend toward miniaturiza- 


tion of electrical and electronic com- 
ponents under the influence primarily 





motor to which it is applied need not 
be special except for the field wind- 
ing, which is probably the simplest 
part of a motor to tailor to specifica- 
tions. Supplementing the description 
of the entire motor control system is 
an unusually explicit analysis of mag- 
netic amplifier operation for an appli- 
cation such as this. 


Magnetic Amplifiers at 500 C 
Ambient? They're not far away. 
Already transformers have been suc- 
cessfully designed to operate at this 
temperature. Suitable rectifiers are 
the only major stumbling block left— 
and experimental ceramics show 
promise. Starting on page 168, J. R. 
Walker and Max Frank report on an 
Air Force material-component devel- 
opment program that has led to a 
magnetic amplifier stabilized for am- 
bients from —65 to +250 C that can 
easily be uprated to 350 C and even- 
tually to 500 C, 


Al-Cu High-Temperature Magnet 
Wire. Limiting factor in design of 


such equipment as motors or trans- 
formers for operation at the new 
hierarchy of elevated temperatures 
(250 C or higher) may be the magnet 
wire. We need the desirable electrical 
conductivity of copper but without 
copper’s susceptibility to oxidation at 
higher temperatures. A combination 


of the transistor, identified by the 

three leads. That and the printed circuit board exemplified by 
the standardized grid pattern. This influence is developed in the 
feature on “Packaging Considerations with Semiconductors,” de- 
tailed below. As a case history of this trend we have brought 
into the cover picture one of the miniaturized relays for guided 
missile application, featured in the review of the Oklahoma Relay 
Symposium. Incidentally, the normal-sized relay prototype, was 
lifted from a catalog of C. P. Clare & Co., with due credit herewith. 


of coppel with oxidation-resistant 
aluminum, plus a compatible enamel 
insulation, should do the trick. Work- 
ing on this premise Westinghouse 
metallurgists and insulation experts 
began to develop an aluminum-clad 
magnet wire. Satisfactory experi- 
mental lots of 45-mil wire have been 
produced. For interim test data turn 
to page 164 for a report by C. L. 
Carlson. 


Coming Up 

Slated for a July debut is a report 
from Indiana Steel on the newer 
ceramic permanent magnet mate- 
rials for motor applications. 
A repeat performance by Irving 
Remis, transformer specialist of the 
U.S. Army Signal Engineering Lab- 
oratories, presents detailed design 
methods for special transformer 
types. . . . Another headliner is 
EM’s annual staff report and in- 
terpretation of the Westinghouse 
Machine Tool Forum. 

Fighting for the spotlight will be 
an up-to-date discussion of new 
developments in thermal insula- 
tion materials . . . a practical array 
of transistor circuits for digital 
computers ... and an on-the-spot 
staff report on the Electric Insu- 
lation Division Symposium of the 
Electrochemical Society recent an- 
nual meeting. 





Research 
Forizons 


Silicon Carbide for 
High-Temperature Rectifiers 


Best known as an abrasive, silicon car- 
bide makes a laboratory bow as a high- 
temperature semiconductor. A_ silicon 
carbide rectifier has been operating at 
the General Electric Research Labora 
tory at temperatures up to 1200 F. 
Other types, including silicon rectifiers, 
operate only to about 400-500 F. Cur- 
rents of several amperes have been 
rectified with “usable efficiency.” 

Operation at the low end of the 
temperature scale, down to —100 F, is 
also reported, thus underscoring a po- 
tential important role in many military 
and aircraft applications. 

It is emphasized that this develop- 


ment is still in an early laboratory 
state. Silicon carbide is described as a 
highly stable but an “extremely stub- 
born material.” Much depends on what 
progress can be made in obtaining it in 
the necessary highly purified forms. 


Zinc Research Points 
to Wider Uses 


Basic and applied research needs and 
objectives of the industry featured the 
recent 39th annual meeting of the 
American Zinc Institute in Chicago. 
Panels comprising representatives of 
major consumer groups spelled out 
specific needs for zinc materials able 
to meet current performance require- 
ments. For example, appliance manu- 


Gamma-Ray Controls for 
Titanium Furnace: 


Controls for a titanium 
furnace must be “precise, 
fast and foolproof.” West- 
inghouse scientists meet 
this specification by a 
gamma - ray control 
device, demonstrated here 
by Paul Malmberg on a 
model of the “heart” of 
a titanium are furnace. 
Cobalt-60 source is at the 
left. Gamma rays pass 
through the furnace, cross 
the top surface of the 
titanium ingot, reach two 
scintillation counters in- 
side the square metal box 
in the right. Changes in 
gamma radiation caused 
by shifts in position of 
the ingot are detected by 
the counters which actu- 
ate the associated elec- 
tronic and hydraulic con- 
trol circuits that properly 
reposition the ingot. 
Level of ingot can be 
controlled within 0.01 in. 
of optimum position. 


facturers asked for zine alloys able to 
resist the new detergents. Other targets 
set up by consumers included: im- 
proved die-casting alloys; 
ing methods for 
parts; 


better finish 
intricately shaped 
more economical finishes gener- 
ally. A need for stainless brass was 
emphasized by a brass manufacturer. 
Also for a high-temperature brass alloy 

Current industry-sponsored research 
includes several projects at Battelle 
Memorial Institute: methods to improve 
finishing of zine die castings; new and 
more economical plating practices: 
techniques for integrally coloring die 


castings. 


Corrosion Study of 
Nonferrous Metals 


Far-flung study of atmospheric corro- 
sion effects on nonferrous metals and 
alloys is underway by the ASTM. Spon- 
sored by Committee B-3 the program 
calls for exposure of many of the newer 
alloys and metals, including titanium. 
to various environmental conditions. 
Exposure sites will be located in Cal- 
ifornia, North Carolina, Pennsylvania. 
and the New York area. Specimens will 
be removed at the end of two, seven 
and up to 20 years. As part of the 
continuing research program of Com- 
mittee B-3, standardization of salt fog 
and other tests continues on the basis 
of cooperative studies between various 
laboratories. 


Fused Teflon Film 
Magnet Wire Insulation 


Research in new processing methods 
has made possible an improved fluoro- 
carbon-insulated magnet wire, accord- 
ing to Inso Products, Ltd., Union, N. J., 
a subsidiary of Adam Consolidated 
Industries, Inc. It is understood that 
the process utilizes a 2-mil semicured 
polytetrafluoroethylene tape wound 
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Thompson Precision Surface Grinder, Type C 


Thompson Grinders are world famous for accuracy. 

Their precision depends to a great extent, on the 

smooth running R & M hydraulic pump drive mo- \ 

tors and the motor parts in the spindle head. Since 

even slight vibration in a precision machine tool ms 
destroys fine surface finish, Thompson engineers motor balance 
have wisely chosen R & M Motors because of 

dependability and running smoothness. 

Freedom from vibration in a motor depends upon boosts Thompson 
the physical balancing of moving parts and also ee . \ 
the elimination of torque impulses set up in the 

windings. All R & M aes i alenieelte have precision " | 
less than .000025 inches of vibration amplitude ! 
and torsional vibration is eliminated by designing 
the windings for balanced magnetic symmetry. 

If your application requires smoothness, depend- 

able performance and is within the limits of 1/200 

to 200 H.P. contact your R & M representative, or 

write for Bulletin 520-EM 


ROBBING £ MYERS. we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
Y exo Ge 
4, (ox 
Gp. * Z c 2 US 
Motors fans Hoists Moyng’f Prop a ( dustrial) Fans 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





RESEARCH HORIZONS 


concentrically around the conductor 
and heat-cured so that the resulting 
insulation provides a continuous, uni- 
form and homogeneous coating of su- 
perior dielectric and physical proper- 
ties. Indicated advantages, particularly 
as to space factor, over other types of 
magnet wire, point to applications 
in aircraft equipment and elsewhere 
where miniaturization is a 
problem. 

Evaluation data based on Westing- 
house tests showed the following typ- 
ical results after ASTM twist and shot 
tests on specimens of this magnet wire: 


critical 


Condition Twist test Shot test 


As received No failure 
after 3 min 
at 6000 volts 


Failed at 
6000 volts 


Heat aged at | No failure 
250 C for after 3 min 
100 hr at 6090 volts 


Failed at 
5000 volts 


Heat aged 
at 250 C 
for 200 hr 


No failure 
after 3 min 
at 6000 volts 


Failed at 
5000 volts 


Heat aged 
at 315 C 
for 200 hr 


Failed at 
3000 volts 


Failed at 
1500 volts 


Declassified AEC 
Nondestructive Tests 


Now declassified by the Atomic Energy 
Commission, the results of 15 years re- 
search in non-destructive test methods 
for nuclear reactor materials are likely 
to be important also in other areas of 
design. Some of these test methods 
could be utilized in the inspection of 
materials for refrigerators, air condi- 
tioners, temperature controls and other 
products where existing test methods 
are not sufficiently thorough in detec- 
tion of defects or flaws. 

Papers revealing these methods were 
presented at a recent meeting in Chi- 
cago sponsored by the Nuclear Division, 
American Institute of Chemical Engi- 
neers, American Nuclear Society, 
ASTM, Atomic Industrial Forum, and 
the Society for Nondestructive Testing. 
These papers will be available in book 
form in the fall of this year from the 
ASTM, 1916 Race St., Philadelphia 3. 
at $10 a copy. 


Tellurium Compounds 

as Refrigerants? 

Possible applications of tellurium-base 
materials in refrigeration, 
rectifiers and solar batteries are being 
investigated at Battelle Memorial In- 


electronic 
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stitute. Specific targets of the Insti- 
tute’s Tellurium Development Com- 
mittee are development of high-purity 
compounds and determination of pre- 
cise characteristics of such compounds. 
Included in the Battelle studies are 
tellurium compounds of bismuth, anti- 
mony, arsenic, silver, copper, magnes- 
ium, cadmium and indium. 

Potential use in refrigeration is 
based on the large cooling effect ex- 
hibited by bismuth telluride when an 
electric current is passed through it. 
The cooling capacity is large enough 
that, theoretically, several bismuth tell- 
uride elements used together could 
liquify air directly 
compression. 


without need for 


Continuous Felted 
Metal Fiber Sheet 


Stemming from work in fiber metal- 
lurgy at Armour Research Foundation. 
a continuous sintered sheet of felted 
metal fibers was described at the re- 
cent meeting of the Metal Powder As- 
sociation in Chicago. As reported by 
Cord H. Sump, supervisor of powder 
metallurgy at Armour and William 
Pollack, associate metallurgist, the 
properties of the continuous metal 
sheet can be controlled by length and 
diameter of fibers over a wide range of 
porosities exhibiting high strength-to- 
porosity ratios. Porosity ranges from 
94 per cent to less than 1 per cent. 

Immediate applications include high- 
temperature filters for aircraft engines 
and honeycomb structural parts for air- 
craft, but potential uses extend to much 
wider fields. Commercial production of 
the sheet material is being planned by 
the SOS Company, 


ARF license. 


Chicago, under 


High-Temperature Cement for Missile 
Transducers: Surface-temperature measur- 
ing instruments are securely encapsulated 
and bonded to the skins of guided mis- 
siles by means of a new refractory cement 
that remains unaffected over a tempera- 
ture range between —420 F and 1000 F. 
Modifications of basic compound extends 
upper limit to 1500 F. Cement is com- 
posed of a polysiloxane, ground phlogo- 
pite, and refractory oxides. Developed by 
Charles Engelhard, Inc., East Newark, 
N. J. Other applications are in research 
stage. 


British Research 
in Magnetics 


Here are some highlights in magnetic 
materials reported by our British cor- 
respondents: 

Utilizing a new metallic material, 
the British Post Office laboratories have 
developed a_ high-speed magnetic 
switch that attains the unusually fast 
switching time of 0.3 microsec or less 
in a field of 1 oersted. Half-mil tape 
cores are used. 

Experimental castings of Columax 
(an alnico-type alloy) with a max 
BH exceeding 10 million gauss-oersteds 
have been announced by The Perma- 
nent Magnet Association. There is no 
indication when actual production may 
start. Commercial production of Colu- 
max, however, with a max BH of 6.8 
mgo is underway. This value is for 
average performance of standard test 
blocks. 

Some very large and unusually 
shaped silicon-iron cores have been re- 
exhibited at British industry 
shows. Also exhibited was an almost 
optically flat joint for C-cores effective 
in attaining core reluctance 30 to 50 
per cent below that of conventional 
cores, 


cently 


Research— 
“Basic Industry” 


Industrial research was described as 
“one of the nation’s basic industries” 
at the recent National Industrial Re- 
search Conference, sponsored by Ar- 
mour Research Foundation in Chicago, 
April 22-23. Speaking before the con- 
ference, E. Duer Reeves, executive vice 
president, Esso Research and Engineer- 
ing Company, said that industrial re- 
search is growing at a rate of some 12 
per cent annually. Since 1930 research 
has grown from an annual activity of 
some $300-$400 million to a $6 billion 
industry that 500.000 
people. 


employs over 


Human Engineering 
Design Concepts 


Schooltime for human engineering is 
again imminent for a limited class of 
industry and government engineers en- 
rolled in the Fifth Annual Human En- 
gineering Institute, sponsored by Dun- 
lap and Associates, Stamford. Conn.. 
June 17-21. The institute will bring to 
the participants an intensive course in 
basic and applied concepts dealing 
with considerations of human factors 
in equipment design. 

In itself, this Institute represents a 
trend to the establishment of summer 
specialized and advance 
areas of engineering and science par- 


courses on 


ticularly useful to the design engineer. 


—A. E. b. 
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COIL Type BUSS 
Heat-Limiters 


LEAF Type 
BUSS Heat-Limiters 


Cut Off the Current at a Predetermined Temperature 
to Protect . . . . Hair Driers, Refrigerator Defrosters, 
Deep Fryers, Incubators, Ovens, Cookers, Heaters, 


Combination 
apparatus 


Room Coolers or 
where 


other devices or 


failure of temperature control 


might cause trouble or a hazard. 


ELEMENT Type 
BUSS Heat-Limiters 


If overheating can cause trouble 
or danger — BUSS Heat-Limiters may 
answer your problem! 


Many types ot electrical devices or 
apparatus can now be protected against 
excessive overheating creating a hazard 
or resulting in loss of material. 


Properly installed, a BUSS Heat- 
Limiter will open the circuit if anything 
causes the temperature at the thermal 
cut-out of the Heat-Limiter to rise 
above its opening point. The ability 
of BUSS Heat-Limiters to do this may 
be the answer to your overheating 
problem. 


Safe protection remains safe: 
To make sure the high degree of pro- 
ee fe = : 
SER R GEE 


ANOTHER 
OUTSTANDING 
DEVELOPMENT 

BY THE MAKERS OF F 


BUSS FUSES g 


READER INQUIRY SERVICE CARDS, PRECEDING 


tection you want cannot be altered 
BUSS Heat-Limiters are non-resettable. 
If a Heat-Limiter opens to protect, it 
must be replaced with another that 
has been accurately calibrated at the 
factory. 


Where used: BUSS Heat-Limiters 
can be installed in the heater element 
circuit—or if the heater current is con- 
trolled by a contactor they can be in- 


Bussmann Mfg. Division (McGraw-EdisonCo.) Universit 


Please send information on BUSS Heat-Limiters 
Name 
Company 


Address 


BACK COVER 


stalled in the relay circuit. 


BUSS Heat-Limiters are available in 
many types and in many styles of 
terminals to suit requirement. Tell us 
your problem and let BUSS engineers 
help you solve it. 


For more information use coupon 
or write, Bussmann Mfg. Division 


McGraw-Edison Co.) St. Louis 7, Mo 


BUSS Safety Valve HEAT-LIMITERS 





Le 
AU yl 
AU eed a 
CUSTOM-DESIGNED 
SOLENOIDS 
Ee ee 


The line consists of 17 models to 
provide 34 widely differing specifi- 
cations . . . delivery can be made 
within 24 hours of receipt of order 

specifications include: pull 
and/or push capacities up to 45 
Ibs., ... sizes from %”x1\” to 
3”x 3”... stroke lengths fractional 
to 2”. 


All solenoids are built to rigid 
standards of highest custom qual- 
ity. Double shading coils provide 
high sealed pull without excessive 
AC hum. Electrical characteris- 
tics are thoroughly uniform. Units 
are compactly engineered to ex- 
tremely close tolerances. Rugged 
construction provides long service- 
life under the most strenuous con- 
ditions. 


All solenoids in the line can be 
supplied in any quantity from 
single units to long-run cost- 
Saving production orders. 


Request complete 
information. Ask 
for catalog. 


WT) ea eae PASTE 


3424 N. Milwaukee Avenue, Chicago 41, Illinois 


10 


Pius or Minus 


Random 


For a 
“Design Engineering Council’ 


The practice or function of design en- 
gineering is almost a common denomi- 
nator to the practice of all the engineer- 
ing arts. It would almost seem inevi- 
table, therefore, that those engaged in 
design engineering would bring up the 
idea of a national professional society 
devoted to their interests. But desirable 
as such an organization may be, it is 
the feeling of this writer that the trend 
of the times is against the establishment 
of new national engineering societies. 
Too many new societies have been 
launched. There’s been too much dissi- 
pation of effort. 

The individual engineer has only so 
much time for professional activities; 
he is more likely to join a professional 
group within the framework of one of 
his regular societies than to help start a 
completely new one. 

But those engaged in design engi- 
neering could take a leaf out of the 
technique of the Inter-Society Color 
Council and move toward the establish- 
ment of what could be called the “Inter- 
Society Design Engineering Council.” 
This would function as a national co- 
ordinating body for all the design engi- 
neering activities of various professional 
and industry organizations. 

Each of these organizations would 
hold primary membership in the pro- 
posed Inter-Society Design Engineering 
Council, and would be represented by 
duly accredited delegates. For example, 
the Machine Design Division of the 
ASME would hold membership in the 
Council. Several of the professional 
groups of the IRE would qualify, so 
would those of ASTM, AIEE, SAE, 
SPE, American Society of Industrial 
Designers, and so on. Appropriate com- 
mittees of RETMA and NEMA would 
hold membership. Individual member- 
ships on an associate basis would take 
care of consultants and others who 
would like such membership. 

The scope of such an Inter-Society 
Design Engineering Council would be 
limited only by vision and work. It 


Comments of the Editors 


should and would command the co 
operation of all professional and indus- 
try organizations, for the Council would 
not be competitive but would actively 
forward the interest and activities of 
each member organization in the area of 
product design and development. 

as 3 


Those Important 
Qualifying Adverbs 


The important word “simultaneously 
has been added to the official definition 
of Air Conditioning adopted by the 
American Society of Heating and Air- 
Conditioning Engineers. The new defi 
nition reads: 


“Air Conditioning is the process of 
treating air so as to control simul 
taneously its temperature, humid- 
ity, cleanliness and distribution to 
meet the requirements of the con 
ditioned space.” 


This carefully chosen adverb should 
have the effect of nailing down a term 
all too loosely used. 

We are reminded of a ball bearing 
patent issued years ago that withstood 
all assaults because of the judicious 
choice of an adverb, in its description of 
the basic design. The original deep- 
groove radial ball bearing, covered by 
the Conrad patent (U. S. patent No. 
882, 723—1906) was described as hav- 
ing an uninterrupted raceway. This is 
the bearing with deep-grooved races 
where the balls are inserted after the 
inner ring is moved eccentrically with 
respect to the outer ring. Some bearing 
manufacturers sought to get around the 
patent and the “uninterrupted” quali- 
fication by inserting extra balls through 
a filling slot. After seven years of liti- 
gation, the Court of Appeals finally 
ruled that the Conrad patent was basic 
unless the slot went to the bottom of 
the groove and thereby prevented con- 
tinuity of the shoulder. In other words, 
the race then was interrupted. Such a 
modification would have made _ the 
bearing incapable of carrying thrust 
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WISE CHIEFS KNOW 


... precision-insulated 
Roebling Magnet Wire 
always exceeds specifications 


) 


Types, sizes and insulations to fit your exact requirements, packaged 
to suit your need for speed in production. Write today for free, new 
catalog and magnet wire properties table to Electrical Wire Divi- 
sion, John A. Roebling’s Sons Corporation, Trenton 2, New Jersey. 
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ROE BLING 


Branch Offices in Principal Cities 7) 
Subsidiary of The Colorado Fuel and Iron Corporation 
READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





St A 


solves a 


Tolle a alelam ele) 


/p , 
Tas 


This special coin silver commu- 
tator was developed by Kirk- 
wood to solve a difficult con- 
tact problem in the sensitive 
control mechanism of a diesel 
engine. 


Perhaps we can solve YOUR 
problem next. Our engineers 
will work with you to develop 
new applications or new types 


of commutators to fit your need. 


ST Tale ME lel eel Me Stile 


Write for Catalog 3A 


COMMUTATOR CO. 


OVER 25,000,000 NOW IN USE 
4855 WEST 130 ST., CLEVELAND 11, OHIO 


loads. This ruling enabled the assigned 
patent holder (Hess-Bright Mfg. Co., 
now SKF) to license five other ball 
bearings manufacturers to make _ bear- 
ings with uninterrupted raceways for 
the duration of the patent. F. J. 0. 


Russian Engineers Clam Up 


Went to Chicago to attend the Elec- 
tronics Components Symposium to fur- 
ther my education and appreciation of 
what some of the best brains in the 
country are doing to make new and 
more reliable components out of new 
and old materials. | got more education 
than I bargained for. Here’s what hap- 
pened. 

At one of the lunches I found myself 
at a table with several engineers from 
Russia. | was told that they were here 
on some kind of an information ex- 
change program sponsored by the State 
Department. Well, they had an inter- 
preter (paid for by whom, I wonder) 
and we all got the American spirit and 
tried to make them feel at home, etc. 
The ensuing question-and-answer game 
turned out to be rather one-sided. Our 
technical questions got vague replies 
and the whole thing degenerated in em- 
barrassing fashion to such topics as 
“How do you like American food?” 

What I don’t understand is, if they 
needed an interpreter at the lunch, 
what were they doing later in the room 
where the technical papers were being 
presented in English? Although the 
papers were all unclassified as to mili- 
tary secrecy, the content certainly pro- 
vided vital information as to the state 
of the art in several fields, to say noth- 
ing of the degree of interest and the 
amount of work being done, etc. Al- 
though I realize that “thev” could get 
this information in some other way, | 
and some others resent the fact that ofh- 
cially we are making it so easy for them. 
There is no indication that we enjoy the 
same freedom over there. I now have a 
remarkable lack of enthusiasm for get- 
ting so darn buddy-buddy with repre- 
sentatives of a foreign government which 
continues to behave as it does. _P. G. J. 


How Not to Standardize 


“Standardization by extensive use is a 
tired worn-out concept.” 

This blunt statement is the verdict 
expressed by an engineer currently em- 
broiled in the common dilemma of 
matching component evaluation and 
procurement, in this case relays, to his 
own companys equipment design re- 
quirements and schedules. 

“Extensive use” undoubtedly has ac- 
complished some degree of standardiza- 
tion in various components, but at great 
length and laboriously. In contrast, the 
deliberate and directed standardization 


program applied some years ago to mili- 
tary synchros is a vivid example of the 
effectiveness of organized and planned 
action. This program has been so suc- 
cessful the dimensional and perform- 
ance requirements for synchros have 
spread beyond our own borders to 
NATO nations, and a standards-hungry 
engineering world has also adopted 
synchro dimensions and mounting meth- 
ods for other components, such as 
miniature servo motors, potentiometers, 
rotary analog-to-digital converters. The 
dimensions have been extended even to 
mechanical gear-heads and differentials. 
The opinions expressed at the recent 
Oklahoma A & M Symposium on Elec- 
tro-Magnetic Relays, reported in this 
issue, indicate a general demarcation 
between the attitudes of the relay mak- 
ers on the one hand, and the relay users 
on the other, with respect to relay 
standardization. The equipment design- 
ers want dimensional, form and _ per- 
formance uniformity, whereas the relay 
manufacturers are inclined to direct 
“standardizing” only to nomenclature, 
test definitions, and ratings. The latter 
attitude is apparently so marked that, 
to again quote the engineer mentioned 
above. “. . . until recently, relay manu- 
facturers have been reluctant to copy 
one another's external designs. Those 
who have copied certain designs in 
subminiature relays have been severely 
criticized by those they imitated.” 
Having scanned the proceedings of 
the four previous relay conferences, we 
can only conclude that “recommending” 
and “urging” can go on forever! 
‘=: 


All Kinds of Engineers 


Much of the troubles of this world are 
basically grammatical. We ask for it 
by using an inadequate, noisy, and re- 
dundant system for communication 
(language). For example, we give more 
than one name to the same thing, and 
the same name to more than one thing. 

The word engineer is one of those 
abused names that has taken us essen- 
tially nowhere. An engineer can be an 
overpaid train driver, he can be me- 
chanical, even civil. Perhaps the payoff 
is the lad who, after due attendance at 
some recognized institution, can adver- 
tise himself without equivocation as be- 
ing sanitary! 

The lay public is generally deceived 
by all this and they tend to judge all 
people who call themselves engineers 
by what they know about a particular 
flavor engineer. As for me, | was born 
and raised (on some kind of juice?) 
as an electrical one. I looked us up in 
Webster's New Collegiate Dictionary, 
(Thin Paper $4.98) and the No. 1 en- 
try under engineer is “A designer or 
constructor of engines.” From here your 
eye doesn’t have to stray very far until 
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Why Y¥Y COLAC. 


HIGH-IMPACT THERMOPLASTIC RESIN 


in the new, nonbreakable WESTCLOX OW swortt 
Electric Alarm Clock Case’? 


rr F ; mee | | The answer is simple: 
7: ie 


ae > . - WESTCLOX Division of General Time 
= WESsTCLo” * Corporation chose CYCOLAC for their 
“Ellsworth” electric alarm clock case 

because CYCOLAC gave them the 

eit iae humm ata CeMmCOlera iri camer Tole Mart cameo) 

pact strength their specifications de 

manded; plus the light weight, bright 

glossy colors and excellent moldability 

they Pats for the “Ellsworth.” CY- 


COLAC proved the ideal choice 


CYCOLAC has the very basic material properties 
Some of the 


you are looking for: Rugged toughness plus light 
1001 End Products weight . . . Bright colors accented by high gloss 


. . - Excellent impact-resistance combined with a 
¢C Y Cc oO LA Cc high in heat-distortion temperature plus a low 


brittle point. 


made with 


@ Chemical & Industrial Piping 


@ Molded Pipe & Industrial Fittings CYCOLAC has greater dimensional stability .. . 
© Coneston-Prost Valve Bodies wonderful electrical properties and is easily injec- 
@ Signs—Display Racks , 

© Desk Tops tion-molded, extruded or calendered. 

@ Profile Extrusions 

©@ Beverage Dispensers CYCOLAC is resistant to many oils, solvents and 


@ Tote Boxes 
© Carpet Sweeper Housing and Wheels corrosive chemicals . . . capable of being colored 


© Kitchen Accessories to hundreds of opaque shades . . . and can be 
@ Appliance & Tool Handles i : 
readily machined. 


Get the Facts... MA ANEEV A 1°) Meola le 


Write today for Ya 


technical literature 4 
LT Wiz GARY, INDIANA 
iy 


Division of BORG-WARNER 


MARBON CHEMICAL ... Precision Resins for Precision Made Products 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Pat Guliano, Design Engineer at the Liston-Becker plant, Beckman Instruments, Inc., 
Springdale, Conn., gives some “reasons why": 


“Many of the gases examined by our infrared analyzers are 
flammable. We use Crouse-Hinds explosion-proof Condulets as 
a built-in feature of our highly sensitive instruments—to protect 
chemical and industrial plants, medical and experimental lab- 
oratories, and many other users, against explosions. 

“We have settled upon Crouse-Hinds explosion-proof Con- 
dulet equipment for many reasons: 

“First, of course, is the sniversal acceptance of explosion- 
proof Condulets by safety men everywhere. There is a large 
assortment of standard and special housings. We like the sim- 
plified construction which provides easy access and plenty of 
room for repairs and alterations. We know our customers like 
it, too.” 

There are more than 15,000 items listed 
in the Condulet Catalog: conduit fittings, 
plugs and receptacles, motor controls, 
lighting fixtures, switches, hundreds of 
others, both explosion-proof and conven- 
tional. Make your selections with confi- 
dence. You get the best when you get 


NATIONWIDE \\ Condulets. 
DISTRIBUTION \ 


enctecively through @ Our distributors have the facts. 
ELECTRICAL | consult your telephone directory 
DISTRIBUTORS / os ‘ “tly 

the nearest Crouse-Hinds Office. 


CROUSE-HINDS conpaiy 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


Sales offices in principal cities 
CONDULETS FLOODLIGHTS TRAFFIC SIGNALS * AIRPORT LIGHTING 


14 


‘ 


you're into engarde meaning “on guard” 
which is topped off by engarcon, “as or 
like a bachelor.” Well all this is too 
little and too late for me who turned 
out to be a publications, or, if you will, 


a “comma” engineer! Pp. G. J. 


British Seek Engineers, Too 


Like one of its American counterparts, 
the British journal Electronic Engineer- 
ing is carrying a lot of advertisements 
these days for engineers and physicists. 
The April issue carried over five pages 
of classified ads up front, plus 10 pages 
of full-page and fractional display ads 
by government laboratories and manu- 
facturers seeking technical personnel 
The electronic engineer and the EE are 
in particularly great demand and for 
the same reason as in the USA—activity 
in military electronics. 

A note of warning is in order before 
you book a flight to London. Salary 
standards are much lower in England 
Except for a managing directorship of 
an electronics manufacturer at £5000 
($14,000), the highest advertised sal- 
ary was £2000, or $5600. “Main grade” 
engineers in government service (atomic 
weapons research) can command a 
salary of $3450 to $4650. 

The Staveley Coal & Iron Co., by the 
way, is branching out. Wants to hire de- 
sign engineers to apply electronic con- 
trols and servomechanisms to machine 
tools. Salary: £1500— £2000. 

There are fringe benefits offered. 
Mention is made of contributory and 
non-contributory pension or “superannu- 
ation” schemes. One firm provides a 
house for a married engineer. Another 
advertises that its social club provides 
excellent facilities for sailing, riding 
and flying. We suspect that cost of liv- 
ing is lower also. F.J.O. 


Letters to the Editor 


“Review of Environmental Test Equip- 
ment’ 

From John Cammarata, Arma Division, 
American Bosch Arma Corporation, 
Roosevelt Field, New York. 

Due to an oversight on my part. a 
manufacturer of vibration test equip- 
ment was omitted under the column 
“Basic test equipment manufacturers” 
in Table IV—Environmental Equip- 
ment Directory—in the article under the 
above title in May ELectricaL MANv- 
FACTURING. The name and symbol for 
this company are: MB Mfg. Co.—MB 
Thank you for your cooperation and 
the excellent presentation of the mate- 
rial. 


Editor's Comment: We are embar- 
rassed too. These people are good 
friends of ours and are a source of basic 
vibration test equipment as well as ac- 
cessory equipment. like accelerometers, 
for which they were properly listed as 
a source. 
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surface barrier transistors from SPRAGUE 


2N344/SBI101 : 2N345/SB102 
for Medium Gain : for High Gain 
Amplifiers Amplifiers 


actual 
size 


2N346/SB103 : ; 2N240/SB85122 
for High Frequency c 5 for Computer 
Oscillators :. Switching 


IN VOLUME PRODUCTION 


EO e 
For general high frequency applications, and for high 
speed computer switching circuits, design around 
Sprague surface barrier transistors. They are available 
now in production quantities from a completely new, 
scrupulously clean plant, built from the ground up espe- 
cially to make high quality semi-conductor products. 


The four transistor types shown are the most popular. 
Orders for these units are shipped promptly. What's 
more, surface barrier transistors are reasonably priced. 
High quality and excellent electrical characteristics 


make them an economical solution to many difficult 
circuit requirements. 


WRITE FOR COMPLETE ENGINEERING DATA SHEETS ON THE TYPES IN WHICH 
YOU ARE INTERESTED. ADDRESS REQUEST TO THE TECHNICAL LITERATURE 


SECTION, SPRAGUE ELECTRIC CO.,307 MARSHALL ST., NORTH ADAMS, MASS. 


TRANSISTORS + RESISTORS «+ MAGNETIC COMPONENTS 


CAPACITORS « INTERFERENCE FILTERS * PULSE NETWORKS the trademark of reliability 
HIGH TEMPERATURE MAGNET WIRE e PRINTED CIRCUITS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





HOW MANY WAYS CAN 


Special Hrpose Foate 


CUT COSTS FOR YOU? 


‘POLYETHYLENE 
MOU 


NTING FOOT 


No mar, no scratch 
glide for use on TV 
receivers, record 
changers, small ap- 
pliances, etc. Assem- 
bles into round hole 
in wood or metal 
cabinets. 


NYLON SNAP-IN NUT 


Snaps into square 
hole stamped out of 
sheet metal... pro- 
Sartell a ie eal ae 
Tet estan 
metal or self-tap- 
ping screw... highly 
' effective electrical 


art ela 


PLUG BUTTONS 


Snap into 14” to 3” 
dia. holes. Can be 
embossed with orna- 
mental or functional 
designs . . . various 
finishes, shapes and 
sizes. 


V-LOCK TEENUT 


Re-usable, self-lock 
ng, one-piece, all 
metal nut has high 
tensile strength, is 
unaffected by heat 
or oils. In various 
shapes, sizes and 


Tat aie hy 


How many of your products employ 
laborious, old-fashioned fastening meth- 


CVO 


blies can be adapted to include a self- 


ods where simple fasteners could do the 


job and cut costs, too? How 
many parts and sub-assem- 


fastening feature? How many future 
products could be improved by advance 
planning for fastener efficiency? 


United-Carr’s engineering staff offers you a wealth of ex- 
perience in the design of special-purpose fasteners and 
self-fastening devices. Large-scale manufacturing facilities 
(including in-plant plastics molding equipment) ensure 
economical, volume production and prompt deliveries. 
United-Carr field representatives are ready to call on you 
at your request. 


QUICKEY FASTENER 


Trl Lt Matt: Mela 
welding or swaging 
studs to sheet metal 
stampings, facili 
tates nesting, elimin 
ates damage 

transit because 
Quickey snaps in be 


fore final assembly 


FISHTAIL RATCHET PLATE 


Holds on smooth, 
die-cast metal or 
plastic studs to an- 
chor name pliotes, 
trade marks etc. on 
appliances, automo- 
biles, electronic ap- 
poratus, etc. 


THREAD CUTTING FASTENER 


Re-usable, self-lock- 
ing, vibration-proof 
fastener cuts clean, 
deep threads on un- 
threaded chrome- 
plated studs. Avail- 
able for 4", %" and 
\4" studs. 


TRIMOUNT STUDS 


tlk) 


thicknesses of mate- 


two or more 


rial together. Easily 
installed by hand. In- 
sure vibration proof 
attachment. Perma- 
Oru ae lame Tuleh Ze] <1 tm 
Db a ile l 1 Tanna 
Ps 


DURABLE DOT FASTENER 


+ € 
© 


Snap fastener for 
cloth, leather, plas- 
tics and other mate- 
rials. Positive clo- 
sure, instant release. 
Black, nickel or brass 
finish. 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corp., Cambridge 42, Massachusetts 


MAKERS OF FASTENERS 
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INSIDE: A NEW 
ENGINEERING SERVICE 


Important to Every Manufacturer 


of Electrical Equipment 


GENERAL ELECTRIC 
TE bal) ee EL, 


SE 





Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 








For Extra Copies of the 
Enclosed Insert About .. . 


GENERAL ELECTRIC 
COMPATIBLE- — 
INSULATION 
SYSTEMS 


. .. Write to General Electric Company, 
845-1, Schenectady, N. Y. 





TE MTEL 


General Electric compatible varnish-treated while sample of incompatible varnished- 
film, right, is unharmed after heat aging, treated film, left, has cracked and split. 


A NEW ENGINEERING SERVICE... 
GENERAL ELECTRIC 
Compatible -Insulation 
Systems 


Cut engineering costs—Add life to your equipment 


GENERAL @@ ELECTRIC 
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GENERAL ELECTRIC 





Compatible- 


Insulation 
CE Ty 





e Assure optimum electrical insulation at 


lowest cost and effort to you 


e Assure longer life of your electrical 


equipment, cut maintenance costs 


What is a General Electric Compatible-Insula- 
tion System? It is a group of insulating mate- 
rials which are chemically, physically, and 


electrically 


compatible with each other, and 
with all other material with which they come 
in contact 


WHEN INSULATING MATERIALS ARE NOT 
COMPATIBLE the result is often a costly break- 
down in your insulation due to corrosion, abra- 
sion, brittleness, shrinkage, or softening. Such 
damage often results in high maintenance costs, 
heavy production losses, and sometimes even 
premature replacement of your equipment. 
Insulation failure is reduced with a General 
Electric Compatible-Insulation System. Here, 
each insulating material is carefully selected and 
pre-tested to work effectively with all the others 
in the system, and to meet the specific operating 
and structural requirements of your equipment. 


GENERAL @® ELECTRIC 


For example, General Electric can give you 
a Compatible-Insulation System which will: 


@ Help reduce equipment noise, size or weight; 
@ Increase reliability of your equipment; 

@ Allow peak operating efficiency; 

@ Protect your equipment from moisture, dust, 
gas, heat and other environmental hazards. 


In addition, this ‘‘ systems” approach to insulat 
ing your electrical equipment will save you 
many costly hours of engineering time. Also, 
it can simplify and speed your present method 
for choosing correct insulating materials. 


These are the benefits now available to you 
from General Electric’s 75 years of developing, 
manufacturing, and “‘proving by using’’ elec 
trical insulating materials. Take advantage of 
this experience now by using General Electric 
Compatible-Insulation Systems... . 





..here’s how General Electric 
insulating engineers develop 


your Compatible-Insulation System 


Shown on this page are some of the many 
tests used by General Electric Insulating En- 
gineers to develop the right electrical insulating 
system for your equipment. These tests were 
developed to assure insulation compatibility 
and have been used for years in General Elec- 
tric’s extensive insulating materials development 
facilities. These facilities and tests—-and the 
General Electric Insulating Engineers who make 
them work—are available to you now for de- 
veloping your Compatible-Insulation System. 


Test of chemical behavior and bonding ability of wire 
and varnishes is conducted in Tensile Test machine. 
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Testing compatibility of insulating systems for aac 


rotating equipment, G-E engineer examines Mo- 
torette which simulates motor coil in operation. 
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Combinations of insulating materials are tested 
above for compatibility under operating con- 
ditions in oils and refrigerants. 
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Measuring electrical characteristics and compat- : 
ibility of insulating wire enamel and varnish, Anti- : 
G-E engineer looks for rupture on test wire. : 
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GENERAL ELECTRIC OFFERS YOU THIS LONG || 


: *Irrathene | Varnished | Varnished Wi 
Mica Mat Insulation Papers Cloths Ste 
“ROTATING MACHINERY - 


TRANSFORMERS 


Powe 


m (Distribution 


na Specialty 
CONTROL 
Switchgear 

General Control 
Specialty Control 
Meters & Instruments 
Magnet Coils 


WIRE AND CABLE 


Cable High Voltage Power 
Medium Voltage Power 
Low Voltage Power 


industrial 


ELECTRONICS 


Components 


tubes & Spacers 
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CHECK THESE IMPORTANT FEATURES OF GENERAI 


MICA AND MICA MAT IRRATHENE* VARNISHED CLOTHS, 
ee he INSULATION PAPERS, TAPES 
. —a 





Ability to resist heat makes G-E Mica G-E Irrathene* Insulation, left, won't 
Mat effective for many applications. melt, unlike unirradiated tape. 
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Tot Me Sul tiae item te CMU ee Lo 





Available in many shapes, G-E Mica Irrathene* Insulation can be heat shrunk Heat-resistant G-E  silicone-treated 
products are easily fabricated. and bonded to form tight sheath. cloth has low aging qualities. 





G LINE OF COMPATIBLE-INSULATION MATERIALS 


Wire linsulating | Insulating Com- Coment & Typical General Electric Compatible-Insula- 


namels | Varnishes 


: : tion System for Direct Current Motor d 
ds |Adh y — 
Paints Pees osives! Generator (Form Wound) 


Here’s a sample of a General Electric Compatible- 
Insulation System designe this case, for 
Direct Current Motor enerator (form 
wound). General Electric ¢ ar Con 
patible-Insulation Syst r many 

electrical equipment 


ELECTRICAL AVAILABLE G-E COMPATIBLE- 
COMPONENTS INSULATION MATERIALS 


ARMATURE INSULA- 
TION 


Wire Insulation 





ERAL ELECTRIC COMPATIBLE-INSULATION MATERIALS 


Lhe VARNISHES, PERMAFILS PROTECTIVE COATINGS, 
) WIRE ENAMELS AND COMPOUNDS CEMENTS, ADHESIVES 


+ 






° ss pa r 
trary G-E varnish on film, right, is unharmed, G-E Permafil hardens void-free, and Arc-resistant G-E Glyptal® paint, 
Tae lhe but ordinary varnish split at 200C. assures strong insulating bond. above, keeps out dust and moisture. 
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A strong bond is assured with G-E 


erat hit: G-E wire enamel, right, survived;ordi impact-resistant G-E compound, above, 


iheh ee nory wire enamel failed at 180C. forms strong, effective insulating bond. insulating adhesive on tapes, above. 














Let us show you 
how a General Electric 

Compatible-Insulation System 
can help you. 








Contact your nearest General Electric in- 
sulating engineer, or write to General Electric 
Company, Section 845-1, Schenectady, N. Y. 







General Electric electrical insulating engineer, right, 
discusses insulating needs with electrical manufacturer. 
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Location of General Electric 
Insulating Materials Sales Offices : 


a ae eeuivns ee ehiaeeboen’ 940 Lansdowne Ave. 
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Schenectady, N. Y 
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Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 


DOUBLE SEAL 
Teflon contact seal 
shown. Available 
with snap ring 
and with single or 
double seal 


COMBINATION 
FELT SEAL 
AND SHIELD— 
Either standard 
or wide 
outer ring 


™. SINGLE ROW 
DOUBLE SHIELD— ‘ RADIAL— 
Same sizes available Also available 


with single shield. with snap ring. 


DOUBLE ROW— S. : CARTRIDGE— 
Available with SE Available with 
single shield. snap ring 


you want /OOOUCT* 


When you want quality bearings to add to the 
performance, long life and smooth operation of your 
products, you want Hoover Ball Bearings. 


Hoover Ball Bearings combine the exactness of 
Micro-Velvet Lapped Balls with the smoothness 
of Hoover Honed Raceways. The result . . . top 
quality bearings that assure unexcelled performance 


—quietness—long life—and heavy load capacity. 


Investigate Hoover’s line of ball bearings in the 
light, medium and heavy series. Their microscopic 
precision adds up to your best buy in ball bearings. 
Manufacturers are invited to call in Hoover engineers 
for technical assistance. Write for information. 


Micro-Velvet and Hoover Honed are Hoover Trademarks. 


HOOVER BALL AND BEARING COMPANY, ANN ARBOR, MICHIGAN 


ote, 


qrasseasaccesapenesossceoceressesees 
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4 
Hoover Ball and Bearing Company, Ana Arbor, Mich. 


Please send information checked. Mail copy of “Hoover Handi-Book of Anti- 
Friction Bearings.” 
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tailor-made 


a 
perfect 


fit 


No Sir, no ready-made here. Emerson-Electric 

motors are custom-engineered for your prod- 

uct .. . designed for you, produced for you and 

priced for you. It is no longer necessary to 

design your product around a standard motor. 

Emerson-Electric engineers will work with you 

through every stage of development. You get 

the product you want with a motor that 

EXACTLY suits your purposes ...a custom- 

"engineered motor at standard motor prices. 

. Call, wire or write Dept. M-56 today, The 
sw Emerson Electric Mfg. Co., St. Louis 21, Mo. 


EMERSON-ELECTRIC 


of St. Louis Since 1890 
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WITH Constantin MULTI-HEADERS 


AND ALL-IN-ONE ASSEMBLIES 


Even under the most extreme pressures and temperatures, vibra- 
tion, and shock, electronic components will remain at peak perform- 
ance and efficiency when Constantin’s Multi-Headers and All-In- 
One Assemblies are used for all glass-to-metal sealing applications. 


Constantin‘’s units hold their seal effectively against wide ranges 
of temperature and pressure . . . against air, oil, corrosive com- 
pounds, high humidity, salt water immersion, spray and other sub- 
stances. Constantin Multi-Headers and All-in-One Assemblies now 
provide full and positive protection against reliability-destroying 
factors in hundreds of thousands of relays, capacitors, transistors, 
rectifiers, diodes, transformers and many other electronic units. 

These Multi-Headers and All-in-One Assemblies are superior for 
glass-to-metal ‘sealing applications because, from drawing board 
to final inspection, the highest standards of quality, in design and 
precision manufacture, are built into the Constantin seal. 

Multi-Headers and All-in-One Assemblies range from simple to 
intricate designs. When standard designs are not suitable, Con- 
stantin’s experienced engineering staff will promptly meet your 
specifications with a custom-engineered seal. Other Constantin 
glass-to-metal seals are available in either kovar or mismatched 
seals of the compression type. 


Let Constantin’s precision equipment and specialized experience 
in glass-to-metal sealing help you design quality into your com- 
ponents. Send today for full technical information. 


“QUALITY WITH CONFIDENCE” 


=NGINEERS 
gms . 187 Sargeant Ave., Clifton, N. J. 5 


¥ 


TRANSISTOR MOUNTS <iesliliacvinseniisie Milestnaineni inden @ END SEALS e CRYSTAL BASES e CONNECTORS e MINIATURIZATION 
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Ready, Set, GROW...with | 








Revere Aluminum Sheet Mill 
Baltimore, Md 


H 
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Fens will find that Revere Aluminum 
Sheet passes smoothly and economically 
through your processes, that it brings 
to your products all the advantages you 
expect from fine aluminum 

Three Revere plants, located in the 
East, the Mid-West and on the Pacific 
Coast, can bring mill service and technical 
consultation close to your own doorstep 
These plants will have the backing of 
Revere’s primary aluminum operation, 
scheduled to begin production in 1958 

It will pay you to tie the growth of 
your business to the most dependable 
sources of supply —suchas Revere, which 
is in aluminum in a BIG WAY. Revere 
Copper and Brass Incorporated. Founded 
by Paul Revere in 1801. Executive Offices 
230 Park Avenue, New York 17, N. Y. 





Revere Aluminum Mill Products include coiled 





and flat sheet, both plain and embossed, circles, 

New Revere Aluminum Sheet Mill blanks, Tube-In-Strip, extruded products, seamless 
Chicago, Ill ig drawn tube, welded tube, rolled shapes, electrical 

: conductors, forgings, foil and frozen food containers. 


+ Projected for 1957: New Revere Aluminum Sheet Mill 
Sante Ana, Collif. 
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change 
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COLD PUNCH 11572 


New General Electric Textolite 11572 is an 
outstanding XXX-P high IR laminate designed to 
provide extremely close tolerance punching at 
normal room temperature, with no cracking or 
delamination. 


The cold fabricating quality, plus outstanding 
product uniformity, eliminates dimensional vari- 
ations from piece to piece . . . permitting the use 
of automatic assembly equipment. 


Common degreasing solvents have no effect 
on G-E Textolite 11572 in standard etching prac- 
tices. For example G-E 11572 withstood exposure 
to hot trichloroethylene up to 15 minutes. 


This new cold punch laminate is recommended 
for electronic applications using high voltage at 
radio frequencies. G-E Textolite 11572 exceeds 
NEMA XXX-P standards and meets military speci- 
fications MIL-P-3115-PBE-P. 11572 is available in 
unclad or copper-clad form with 1 or 2 oz. copper 
on one or both sides for precision printed wiring. 


General Electric Company 


Laminated Products Dept. (1 Please have your o Progress ls Ovr Most /mportant Product 
Sec. El-37, Coshocton, O. representative call. OK 


[0 Please send me complete information on 
Name 


*. Cf> 
G-E Textolite®) 11572 Cold Punch Laminate. - G E N t R A L 56) E LE CT H { C 
Title - 


Firm ae swoon When the properties have to be right... 


BD -enisetinas 


i il icine le ANIA na Specify G-E Textolite 
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Re-Cycling Timers 


Timers for Automatic Control 
... Standard or Special? 


You'll get quick deliveries 
from Industrial Timer 


If slow deliveries of timers have been delaying you in your 
automatic control projects, try us! True, your problem may 
be different and difficult indeed, for no two automatic con- 
trol jobs are exactly alike. But our record in helping out in 
situations like these is excellent. For in this field we have a 
valuable background, twenty years of timer experience to 
be exact, that has provided us with the special knowledge 
required to supply our customers with the right answers. 


How do we do it? THe answer is in what we believe to be 


Timers that Control 


the Pulse Beat of Industry 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


the largest variety of standard and combination timer units 
anywhere in the industry. To fill the widely varying needs of 
Our customers, we manufacture a complete line of timers in 
the four broad classifications illustrated above: Time Delay 
Timers, Re-Cycling Timers, Interval Timers, and Running Time 
Meters. From these our timer engineers have developed 20 
basic types which they have so far combined in over 1000 
different ways. Therefore—many jobs that would seem to 
require a special timer, are in fact, a standard timer with us. 


And our large stock assures you of rapid deliveries—even 
when we have to create a brand new timer for your special 
needs. So why not send us your specifications. You'll get a 
prompt reply and you may save yourself much lost motion. 


INDUSTRIAL TIMER CORPORATION 


1409 McCARTER HIGHWAY, NEWARK 4, N. J. 





LINE OF LEAST RESISTANCE 


Torrington now offers to manufacturers in the air conditioning, heating 
and ventilating industry the most complete line of air moving units in the 
world...and in the three basic areas of air impeller development: fans, 
airotors and complete blower units. Backed by the industry’s finest re- 
search and development facilities, Torrington engineers work only on air 
moving problems and products. No matter what yours may be, try the line 
of least resistance: Talk to Torrington! 


THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT +» VAN NUYS, CALIFORNIA + OAKVILLE, ONTARIO 
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TESTS ON NEW GENERAL ELECTRIC RESISTORS PROVE... 


Terminals withstand 21-Ib pull 


Resistor terminals are often subjected to considerable 
stress. That’s why General Electric has built extra 
strength into the terminals of these new vitreous- 
enameled resistors . . . strength to hold up to 21 pounds 
of right-angle pull. For exceptionally heavy-duty appli- 
cations, there’s a special G-E terminal that holds up to 
34 pounds of pull. 


General Electric resistors are available in over 1400 
combinations of ratings (5 to 200 watts), types, and 
mountings. They will hold standard rated tolerance 
even under extreme temperature conditions (— 70 F to 
+700 F). Their vitreous-enamel coating provides re- 
sistance to moisture, acids, solvents, and alkalies. 


Want to see for yourself? Ask your General Electric 
salesman for a free set of sample resistors and conduct 


your own tests. And mail this coupon today for the 
new 36-page catalog containing complete information 
on ratings, dimensions, and ordering directions. 


Industry Control Department, Roanoke, Virginia. 


ee ae ee CU 


SEND TODAY FOR FREE 
RESISTOR CATALOG 


| 

| 

| 

| Section B784-6 

| General Electric Company, Schenectady, N. Y. 
| 

| 


Please send a copy of GEA-6592, G-E Resistor Catalog. 
Name 


Address 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 
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MELPS DoDI 


PAKEZE 
MAGNET WIRE 


Wire packaged in Phelps Dodge special “Pakeze” containers if required. 


— from Mine lo Marker / 


*Trademark applied for. 
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If it Calls for MAGNET WIRE—Cail on PHELPS DODGE for 
INDUSTRY'S MOST COMPLETE, 


MOST UP-TO-DATE LINE! 


Every type of insulation to meet design requirements. 


Enamel + Formvar + Sodereze® + Bondeze® + Thermaleze® 
Grip-eze® + Silicone Enamel « Daglas® 
Daglas® Silicone + Paper + Cotton «+ Multiple Combinations 


Available in all sizes and shapes—round, square, rectangular. 
Over 400 different types! 


Special emphasis on research and development—your assurance 
of the latest advances in magnet wire. 


Vast background of application engineering experience to help 
solve your problems. 
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Problem: To produce a rugged, depend- 
able motor case for Sunbeam Mixmas- 
ters—in sufficient quantity to meet 
customer’s need. Production cost must 
be low, to keep price competitive. 


Solution: Working closely with 
Sunbeam, Stewart Die Casting engineers 
developed an intricate two-cavity die, 
consisting of slide, cores, and one loose 
piece —all held to extremely close toler- 
ances. The result was a precision cast- 
ing that can be produced economically 
with a minimum of rejects . . . a motor 
case that gives dependable, long-lasting 
service under all conditions. 


found the solution 
and made delivery on time! 


This is just one of many complicated die cast- 
ings that Stewart has developed promptly .. . 
and has produced in quantity at low cost. 

Nearly half a century of experience, plus 
unexcelled production facilities, enables 
Stewart to bring you fast, practical solutions 
to any die casting problem. 

Whatever type of die casting you need—large 
or small, simple or intricate—you can count on 
Stewart for a quality job... completed and de- 
livered on schedule. 


DIE CASTING 


Division of STEWART-WARNER CORPORATION 


Chicago, Illinois: 4535 Fullerton Avenue ° Bridgeport, Connecticut: 275 Warren Street 
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@ Up to 30 pounds force, Push or poll 
seco shock-mounted for long life. 
: eliioncy see steel 


‘moisture resistance. 


ing bumpers cushion 


Wate 


ae 


es 


Your 
choice 
of 
mounts 


DUSTRIAL SOLENOIDS 


Decco’s Series 50 offers more power—longer stroke with the same 
dependable quality and performance that has made Decco the top 


name in industrial solenoids. 


There is a Decco solenoid for every requirement. Built to give 


better service for a longer time. Solenoids engineered and modified Direct 


. ° current 
to your requirements. Let us discuss your problems. iced 


For complete information write— 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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NEW CONTROLLED VENTILATION—pushes air 
through the motor from drive end to commutator 
end, opposite to the ordinary direction. Arma- 
ture cooling is increased ... harmful brush dust cre- 
ated at the commutator is blown out of the motor. 


NEW LEVEL OF RESPONSE—Improved ventilation 
makes up to 55% lower armature inertia possible 
without sacrifice in capacity. Life-Line ‘‘H”’ gives 
the fastest accelerations and regulating speed 
changes for more and better production. 
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Westinghouse Jife-Lize /H/with silicone insulation 


FASTEST RESPONSE OF ANY 
STANDARD INDUSTRIAL MOTOR 

























Life-Line® “H” Backs Up Lowest Inertia 
With High Commutating Ability 
for Increased Production 


Highly responsive drives are essential to fast auto- 
matic processing. No other d-c drive provides as fast 
speed changes as the Westinghouse Life-Line “‘H’’. 


Efficient controlled ventilation makes possible the 
long, slim design of the Life-Line “H”’ armature, 
reducing inertia as much as 55% without sacrificing 
any capacity. 35% increase in commutating ability 
backs up this lowest inertia to produce the fastest 
response available in standard industrial d-c 
motors today. 


In addition, the new Life-Line ‘“‘H”’ with silicone 
insulation, offers many dividends in long-term de- 
pendability and minimum maintenance. For all the 
facts about Life-Line ‘‘H” call your Westinghouse 
sales engineer. Or, write Westinghouse Electric 
Corporation, 3 Gateway Center, P. O. Box 868, 
Pittsburgh 30, Pa. Ask for B-7056. J-21991-C 





you CAN BE SURE...1F ITS 


Westinghouse 
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NEW HOUSING DESIGN— provides maximum pro- 
tection—eliminates need for splashproof enclo- 
sures in many cases. All access openings are 
sealed with covers . . . single ventilation opening 
in each bracket faces directly down. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


From strip steel to blower wheel cages- 


stamped and welded. 


Stamp-—Strip steel enters the 75-ton Assemble—Completed stampings are 
Precision Flexopress through integral feed 
mechanism providing precise stock advance. 
Operating at 120 strokes per minute, the 
Flexopress pierces, lances and accurately 


transferred by special tooling, designed and 
built by Precision. The first stamping is 
conveyed 3 feet, dropped into position on the 
lower track. The second stamping is then 
interlaced with the first and accurately 
positioned. Both stampings are 

the Flexopress ram assures extreme vertical then indexed to the 


forms the blower louvers. The exclusive “‘no 
float’”’ ball bearing raceway construction of 


travel accuracy and parallelism giving welding station. 
longer die life. 


Completed—tThe exclusive 

Mayne blower wheel* with its simple, 

rigid construction, gives better perform- 
ance, quieter operation and longer life. 

The Precision line changes over readily to 
many different-size wheels (10” model shown). 


*Patent No. 2,431,647, other patents pending. 
Mayne Products Company, Dayton, Ohio 
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PRECISION! 


Weld—Two specially tooled standard 30 KVA bench 
welders automatically index and join the 2 stampings 
with 38 high-strength resistance welds. Adjustable 
limit switches automatically start electronic timer 
which sequences the weld and index. Production rate 
—up to 150 assembled and welded parts per hour— 
no operator required. The subassembly, completed 
on the Precision line is then rolled and beaded 

on other equipment. 


Precision’s Packaged Manufacturing 
Method. Put this to work for you. Go from raw 
stock to assemblies in one jump. As in the case of 
Mayne Products Co., we will work closely with 
your production and methods engineers. If you wish, 
we will do all production planning, engineering and 
tooling, deliver a complete production line to your 
Standard PRECISION Standard PRECISION 
plant ready to produce at the rate you need. 


Bench Welder Flexopress 
Write today for complete information. 


DrRec S 0 N ~ PRECISION WELDER AND 
——————! Wi, FLEXOPRESS CORPORATION 
3520 Ibsen Avenue, Cincinnati 9, Ohio Builders of all types of Resistance Welders and Automatic High Speed Presses 
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100,000 R.P-M. 


WESTON 


Tachometer 
Generators 


Now . . . design engineers are achieving more efficient, more 

flexible speed indications and control without external gener- 

ator attachments. The new Weston bearingless tachometer 

generator is so compact and light in weight it can be built 
Internal mounting right into equipment, or mounted on rear motor shafts. The 
cost is far less than for the conventional tachometer installa- 
tion; and due to design simplicity, maintenance-free service 
is assured. Can be used with individual indicators, or with 
duplicate or remote indicators, calibrated in any function of 
the R.P.M. . . . as well as with Weston potentiometer record- 
ers. For speed alarm or control, Weston sensitive relays are 
available. Speed ranges from low as 500 up to 100,000 
R.P.M. full scale. Engineering assistance is available to orig- 
inal equipment manufacturers on all tachometer problems. 
Literature on request... Weston Electrical Instrument Corp., 
617 Frelinghuysen Avenue, Newark 12, N. J. 


Pad mounting 


Motor mounting 


WESTON INSTRUMENTS }|-—> 
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Now— push-button defense guards our cities 


Latest miracle in American civil defense is SAGE— 


Semi-Automatic Ground Environment. This complex 
system combines all the advantages of radar and elec- 
tronic computers detects and identifies hostile 
aircraft, dispatches missiles and fighter planes to de- 
stroy them before they come within striking distance. 

In every SAGE computer there are 123 miles of 
wiring and printed circuits, 58,500 electronic tubes, 
and thousands of other electronic components—all rely- 
ing for their precise operation on high-quality electrical 
insulations, the kind CDF has been manufacturing for 
over sixty years. 
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FOR SPECIFIC INFORMATION on CDF products, see 
Sweet’s, Electronics Buyers’ Guide, and other direc- 
tories. Then send us your print or your problem, and 
we'll return free samples and technical literature. 
CDF MAKES Dilecto Laminated Plastics + Celoron and 
Polyester-Glass Molded Plastics « Micabond Mica 
Products * Diamond Vulcanized Fibre +« Vulcoid « 
Flexible Tapes of Teflon*, Silicone, and Micabond 
¢ Resin-Impregnated Spiral Tubing « Complete Fabri- 
cation Facilities. 


*duPont trademark for its tetrafluoroethylene resin 


CONTINENTAL- DIAMOND FIBRE 


A SUBSIDIARY OF THE Raith COMPANY «+ NEWARK 13, DEL. 
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Specify © COILED CORDS 


.. add important convenience 
and safety features to 
your equipment! 


Cords Limited COILED CORDS are 
engineered for specific application! 


Coiled Cords, first choice in the communications industry, find numerous 
important applications in other fields! In addition to user convenience, 
Cords Ltd. Coiled Cords provide a safety factor preventing costly industrial 
accidents. Maintenance-wise, Coiled Cords give much longer service than 


straight cords by eliminating common abuses that shorten serviceability. 


Product Data: A leader in the development of Coiled Cords, Cords 
Limited is a major supplier of this product to the telephone and communica- 
tion industries. Coiled Cords are engineered for specific applications. Special 
oil, acid and moisture resistant properties of the jackets protect the product 
under unusual conditions. The most modern molding facilities for plug and 
conductor termination are available at Cords Limited to serve your needs 


quickly and economically! 


WRITE TODAY for complete details... your quotation 


requests will receive immediate attention! 


® 


CORDS LIMITED DIVISION 


ESSEX WIRE CORPORATION 
DeKalb, Illinois 


other outstanding 


*ESSEX ENGINEERED 
production proven products 


GENERAL PURPOSE RELAYS 


A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-bar contacts for low-voltage, 
low current circuits or button type contacts for 
power switching circuits. Request Bulletin 
No. 1060. 
R-B-M “Control” Division 
Logansport, Indiana 


WIRE AND CABLE 


A full “Extra Test®” line of lead, appliance, 
automotive and refrigeration wires, plus sub- 
mersible pump cable and 200° C. Sil-x® 
insulations are examples of the versatility of 
“Essex Engineering”. 


Wire and Cable Division 
Fort Wayne, Indiana 


The CORDINATOR”, a time-saving engi- 
neering tool, features simplified charts show- 
ing approved wire by product types. Dial 
side permits visual fabrication of cord sets 
and power supply cords. All components 
standard approved ... minimizing cost... 
assuring scheduled delivery. Write for your 
free CORDINATOR. 
Cords Limited Division 
DeKalb, Illinois 


WIRE CORPORATION 
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Dirt, Corrosion, 
Low Voltage Problems? 


the answer: 


Allis-Chalmers “d d”| 
is-Lhaimers dc operate 
* Allis-Chalmers Size 6 starter, 
ac contactors NEMA 1 enclosure. 


De operators in Allis-Chalmers control as- 
sure dependable performance because they 
are not affected by dirt or corrosion on the 
armature face. Positive magnetic operation 


reduces contact pitting — eliminates hum 
and chatter—prolongs mechanical life. The 
operator picks up at 65% of rated voltage 
— holds in with as little as 35%. 


For Any Low Voltage, High Horsepower Application... 
Allis-Chalmers Modern Control — Sizes 4, 5 and 6 


Advanced Electrical Design enclosure dimensions provide ample wiring 
ACBO arc-centering blowout sharply cur- space. Easy accessibility simplifies main- 
tails arcing time, greatly prolongs contact tenance, 
and chute life — without blowout coils. For detailed information on this complete 


line of modern control, call your A-C Con- 
Simplified Mechanical Design trol Distributor or A-C District Office. Or 
Streamlined clapper-type construction per- 


write Allis-Chalmers, General Products 
mits natural arc rise in arc chute. Sensible Division, Milwaukee 1, Wisconsin. 


*Self-contained ac to dc circuit. Standard in Size 6, optional in sizes 4 and 5. 


ALLIS-CHALMERS 


ACBO is an Allis-Chalmers trademark. 
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MICRO SWITCH Precision 


... FIRST IN PRECISION SWITCHING 


Here is WHY you can 


CUT PANEL SPACE 9O% 


with MICRO SWITCH 
Illuminated Pushbutton Switches 


Study this illustration... 
it shows how you can 
install a given number 
of MICRO SWITCH 
Pushbutton Switches— 
with illumination 
integral with the button 
in one-half the panel 
area necessary when 
push buttons requiring 
auxiliary on-and-off 
lights are used. 


. i" - 


: A a” Eee ee 


The center-to-center space 
required for 20 push buttons and auxiliary 
lights is 4 in. x 10 in.—-40 square inches. 


000020200000 
eeeeeeee ee 


FOUR 

SHAPES OF 
PUSHBUTTONS 
AVAILABLE 

IN FIVE 
DIFFERENT 
COLORS 


The center-to-center space 
required for 20 MICRO SWITCH Illuminated 
Pushbutton Switches is 2 in. x 10 in.—20 square inches. 


The savings in space, in time; the difference in operat- 
ing ease and surety—all commend the use of MICRO 


SWITCH Illuminated Pushbutton Switches instead of 
These four translucent 


button styles are avail- 
able for MICRO SWITCH 
Type 52 PB switches. 


From the top they in- 
clude (1) % in. round; 
(2) % in. hexagonal; (3) 
4 in. round; and (4) % 
in. square. 


They are available in 
red, yellow, green, blue 
and white. 


( Send for 
Data Sheet $117) 


combinations of switch and separate auxiliary on-and- 
off signal lights. 


Here are four NEW MICRO SWITCH Illuminated Push- 
button Switches with many unique and specific fea- 
tures, detailed for you on the opposite page. 


In addition to their other features, these switches are 
obtainable with any one of four different shaped 
buttons, in five different colors. 


Read the specific details of each as set forth on the 
opposite page. If this information is insufficient for 
your purpose, ask for Data Sheets by numbers as 
shown on opposite page. 
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Switches have uses unlimited |H| 


“Nel 


MICRO SWITCH Turn-to-Lock- 
Down Lighted Pushbutton 
Switch 


This MICRO SWITCH lighted pushbutton 

switch is a dual-purpose switch. Pushed 

straight down, it functions as a conven- 
ose 8 tional momentary pushbutton. A push 
E and clockwise twist of the finger tip holds 
#52PB7-T2 the switch in the operated position. A 
counter-clockwise twist returns the switch to the un- 
operated position. The low operating torque required 
permits the switch to be mounted flush or underflush on 
a panel without impairing ease of operation... This 
versatile switch can take the place of conventional push 
button, holding relays and separate indicator lights in 
many applications. Or it can take the place of an alternate- 
action pushbutton and provide optional momentary action. 


CHARACTERISTICS: Operating force 34 oz. max. Pre- 
travel .220 in. min. Overtravel 
-120 in. max. Two subminia- 
ture switches are SPDT. 


( Send for Data Sheet #116) 


NEW! 


MICRO SWITCH “Space Saver” 2-5 
Lighted Pushbutton Switch 
—only 2 in. max. below Panel 


This MICRO SWITCH lighted pushbutton 
switch is invaluable in applications 
where space is at a premium. The switch 
has no pretravel spring mechanism which 
permits length to be reduced to 2.35 in. 
(less button). Only 2 in. max. required below mounting 
panel... This switch has a very definite snap-action 
““feel’’ and comparative high-force characteristics. Switch 
body contains a removable subminiature socket for the in- 
dicator lamp. Lamps are available for 6, 12 and 28 volts. 


#52PB851-T2 


CHARACTERISTICS: Operating force—32 oz. max. Pre- 
travel—.070 in. max. Total 
travel—.110 in. max. Two sub- 
miniature switches are SPDT. 


(Send for Data Sheet #123) 


ELECTRICAL DATA 


The subminiature basic switching units used 


in these four assemblies have SPDT contact 
arrangement. Contact break distance is .010 


in. min. Underwriters’ 


Laboratories list the 


switches at 5 amps. 125 vac. 3O vde ratings 
are: inductive 3 anps.—sea level, 2.5 amps. 
—50,000 ft. Maximum inrush rating: 15 amps. 
125 or 250 vac and 30 vde 


MICRO SWITCH Magnetic 
Hold-in Lighted Pushbutton 
Provides Three Functions 


MICRO SWITCH lighted pushbutton switch 
combines the functions of a three-pole 
double-throw pushbutton switch, indicat- 
{53PB8-T2 ing light, and holding relay into one com- 
pact unit which panel mounts on one- 
inch centers, both horizontally and vertically. Thus, the 
cost, wiring, maintenance and added space of these 
separate components are eliminated . . . A 28-volt dc sole- 
noid is incorporated into the switch shaft. After the 
button is manually operated, the solenoid holds the 
switches in the operated position until electrically released. 
This feature gives the designer complete freedom in panel 
layout by eliminating the restrictions found in conven- 
tional mechanical release designs. 
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CHARACTERISTICS: Operating force—35 oz. max. 
Pretravel—.050 in. approx. Total travel—.090 in. max. 
‘Three subminiature switches are SPDT. 


( Send for Data Sheet $128) 
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MICRO SWITCH Alternate Action 
Lighted Pushbutton Switch— 


for Multiple Circuit Controi 

752PB61-T2 
This MICRO SWITCH lighted pushbutton 
switch provides on-off control of up to four circuits. With 
each push of the button, both basic switches are alter- 
nated between actuated and unactuated maintained posi- 
tions, thus providing double-pole double-throw action. 
Every two pushes of the button completes a cycle of 
operation. Variations in the long-life nylon index cam are 
possible which will permit a number of other sequences. 


CHARACTERISTICS: Operating force—40 oz. max. Total 
travel—.100 in. max. Two subminiature switches are 
SPDT. 

( Send for Data Sheet #124 ) 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


MICRO Switch 


in Canada, Ledside, Toronto 17, Ontorio » FREEPORT, ILLINOIS 





Now... every bearing you buy from 
New Hampshire Ball Bearings, Inc., meets 
CLASS 7 STANDARDS...automatically. .. 
at no vncrease in price...with no special 
selection or specification required ! 


INNER RING 


OUTER RING 


ABEC-7 TOLERANCES 


MEASUREMENT 


Bore 


Width (Individual Rings) 
Radial Runout (TIR) Max. 
Parallelism of Sides 

Side Runout with Bore 
Groove Parallelism with Side 


O. D. 


Width (individual Rings) 
Radial Runout (TIR) Max. 
Parallelism of Sides 


O. D. Runout with Side 
Groove Parallelism with Side 


4. 
oh 


TOLERANCE 


.00000” 
.00015” 


.000” 
.005”* 


.0001” 
.0001” 
.0001” 
.0001” 


.00000” 
.00015” 


.000” 
.005”* 


.0001” 
.0001” 
.00015” 
.0002” 


*Width tolerance for MICRO bearings is + .000” — .001” 


Commonly obtainable standards of precision in the miniature 
bearing industry start at ABEC-5 and the highest refinement is 


reached with ABEC-7. 


Continued advances in our techniques and controls have enabled 
us to standardize all production of Micro-Bearings at this highest 


quality level. 


NEW HAMPSHIRE BALL BEARINGS, INC. 


PETERBOROUGH, NEW HAMPSHIRE 
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DECADE SWITCH 
SAVED OVER 100 
SOLDERED CONNECTIONS! 


Space limitations required the redesign of a 
switch. Oak engineers studied the circuit, 
reworked it, and recommended a decade 
switch. In doing so, they saved more than 100 
soldered connections, 4 of 10 capacitors, and 
many dollars in time and material. 


SPECIAL TICKET 
TABULATOR i 
swittH “G4 
PROVIDES 
MANY ; 
=< ><. * CIRCUIT COMBINATIONS 
eo- how OAK 3 PT e = One of the newest applications for Oak 


switches is in an automatic ticketing machine 


« 4 for air lines, railroads, and bus lines. Re- 
are solving a 


quired were extra long life, electrical versa- 


e i if tility, and circuit complexity. The answer— 
Special Switch Problems ce an Oak pushbutton type switch, with long 


life modifications engineered into it. 


Switches in infinite variety to 
SPECIAL ! meet your exact requirements — 


r MODIFICATIONS c Shown here are but three solutions to low- 
- INCREASED current switching problems, chosen from the 
SWITCH LIFE fa hundreds available in our files. If long life, cir- 

TO 200,000 © 
OPERATIONS 


cuit complexity, special actuating, or space 
problems face you, let us put our vast exper- 
ience to work on them. It will pay you to consult 
Oak engineers early in the design stage. Write 


This switch required a life of 200,000 opera- an-aditi ten Ridits lesen enti seeine, 


tions to meet the needs of the completed 
assembly. Oak’s know-how in switches and 
alloys solved this problem with special vari- 
ations in clips, dies, and index assembly. 


Dept. H 1260 Clybourn Ave. + Chicago 10, Illinois 
Phone: MOhawk 4-2222 


SWITCHES @ ROTARY SOLENOIDS @ CHOPPERS © SPECIAL ASSEMBLIES @ VIBRATORS e TUNERS 
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(Advertisement) 


SPECIAL REPORTS ON 
FINISHING NON-FERROUS METALS 


NUMBER I—Decorative, 


Corrosion-Resistant Finishing 
with Iridite 


Chromate conversion coatings are well known and accepted 
throughout industry as an economical means of providing 
corrosion protection, a decorative finish or a good paint base 
for non-ferrous metals. However, continued developments are 
so rapid and widespread that many manufacturers may not 
be completely aware of the breadth of application of this type 
of finish. Hence, this digest of current information; to bring 
you up to date on the many ways in which you can combine 
salable appearance with durability in one finish at a com- 
petitive price advantage. Report II on paint base, corrosion- 
resistant finishes and Report III on chemically polished, 
corrosion-resistant finishes are available on request. 


First, as a basis for this discussion, a ‘‘decorative”’ finish is 
considered as any chromate film that is used as a final finish 
in itself. It may be truly decorative in that its sole purpose 
is to enhance the beauty of the product. For example, a 
bright chrome-like finish or a pleasing bronze appearance are 
among the many effects that can be obtained. It may be 
functionally decorative in that it reduces reflectivity for 
camouflage purposes or provides a means of color-coding 
parts. But, in all cases, the Iridite films protect the metal 
against corrosive attack. 


Iridite finishes are now available for all commercial forms of 
the more commonly used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, copper, brass and 
bronze. These films can produce a wide variety of pleasing 
appearances. The basic colors of the Iridite coatings are 
grouped below by metals. 


ZINC and CADMIUM: Metallic bright, light iridescent, 


iridescent yellow, bronze, olive drab 

COPPER, BRASS, BRONZE: Metallic bright, yellow. 
ALUMINUM ALLOYS: Clear, iridescent yellow, brown 
MAGNESIUM ALLOYS: Light brown, dark brown, black. 
SILVER: Metallic bright. 


In addition, many films can be modified by bleaching or by 
dyeing. Among the dye colors available are various shades of 
red, yellow, green, blue or black. 


Depending upon the metal and the Iridite used, corrosion 
resistance of clear and bright films ranges from mild passivity 
to as high as 500 hours in salt-spray; on heavier dark films, 
salt-spray resistance ranges from approximately 100 to 1000 
hours. 


It is this combination of decorative and corrosion resistant 
properties that accounts for the widening use of Iridite finishes. 
For example, Iridites #4-73 and #4-75 (Cast-Zinc-Brite) 
make possible for the first time, a combination of lustrous 
chemical polishing of the as-cast surface of zinc die castings 
and good resistance to corrosion. Further, in many cases, 
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WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line 
of chromate conversion finishes. They are generally 
applied by dip, some by brush or spray, at or near 
room temperature, with automatic equipment or 
manual finishing facilities. During application, a 
chemical reaction occurs that produces a thin (.00002” 
max.) gel-like, complex chromate film of a non- 
porous nature on the surface of the metal. This film 
is an integral part of the metal itself, thus cannot 
flake, chip or peel. No special equipment, exhaust 
systems or specially trained personnel are required. 


sizeable savings in the cost of buffing and electroplating are 
realized. 


On many steel parts, a simple system of zinc or cadmium 
plate and bright Iridite is used instead of more costly electro- 
plated finishes to provide a bright, decorative and protective 


finish with tremendous savings in material, equipment and 
labor. 


In finishing aluminum, where corrosion resistance or paint 
adherence is the prime consideration, the aircraft industry 
has all but abandoned the anodizing process in favor of 
recently developed chromate conversion coatings, among them 
Iridite #14 and #14-2 (Al-Coat). These formulations and 
their method of application can be varied to retain the original 
metallic appearance while providing acceptable corrosion re- 
sistance, or to produce a fully colored brown finish that 
offers exceptional corrosion protection. Again, time and man- 
power savings are astounding—one company saved at least 
$15,000 a year on maintenance of racks alone and another 
$40,000 on materials and labor in only nine months. In addi- 
tion, of course, hundreds of thousands of dollars are saved by 
eliminating the need for expenditures for generators, heating 
equipment and racks. 


Iridites are widely approved under both Armed Services and 
industrial specifications because of performance, low cost and 
savings of materials and equipment. 


In planning or designing, you should consider the many other 
characteristics of Iridite finishes which may enter into the 
specific problem. In addition to having decorative and pro- 
tective functions, these chromate coatings form an excellent 
base for organic finishes and bonding compounds. They have 
low electrical resistance. Some can be soldered and welded. 
The Iridite film itself does not affect the dimensional stability 
of close tolerance parts. 


You can see then, that with the many factors to be con- 
sidered, selection of the Iridite best suited to your product 
requires the services of a specialist. That’s why Allied main- 
tains a staff of competent Field Engineers—to help you 
select the Iridite to make your installation most efficient in 
improving the quality of your product. You'll find your 
Allied Field Engineer listed under “Plating Supplies” in your 
classified telephone book. Or, write direct and tell us your 
problem. Complete literature and data, as well as sample 
part processing, is available. Allied Research Products, Inc., 
4004-06 E. Monument Street, Baltimore 5, Maryland. 
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VINYL COVERED CABLE 


GIVES TV CAMERAS 


SHARPER VISION 
COMPLETE FLEXIBILITY 


TOP PERFORMANCE 


Brand vinyl-coated multi-conductor cable, 
custom manufactured for RCA, provides sharp 
pictures, deadens noise interference and adds 
flexibility to RCA television cameras. Running 
from camera to control point, this cable often is 
used in lengths of 1000 feet. It is a 25 wire 
cable (three groups of six, one group of four 
and three shielded leads). Brand vinyl! coating is 
rugged, much tougher, in fact, than old-style 
rubber coverings and allows use of larger 
conductors while maintaining the same O.D. 
requirements. 

Brand’s highly-skilled engineering department 
welcomes the opportunity to work with you 

on solving design problems or making up 
prototypes. Brand leadership and know-how 

is yours without obligation. 

Write for complete information. If quotations 
or samples are desired, include specifications. 


WILLIAM BRAND 
& COMPANY, INC. 


WILLIMANTIC 1 =p CONNECTICUT 


ELECTRICAL AND ELECTRONIC WIRES AND CABLES, HARNESSES AND CABLE 
ASSEMBLIES, PLASTIC AND COATED INSULATING TUBINGS, IDENTIFICATION MARKERS 
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is eritiecal 


The New A-MP “24-20” Terminal and Connector are designed 
expressly to resist vibration, shock and similar stresses encountered 
in wire applications in every industry. They retain all of the 
excellent features of the A-MP Pre-Insulated Diamond Grip line, 
with special emphasis on the need for weight and space savings so 


important in today’s equipment design. 


Features of the New A-MP “24-20” Terminal and Connector are: 


* Designed to accommodate smaller insulation ¢ Miniaturized for space and weight savings. 
diameters of new wire specifications. « Nylon ¢ The unique design of the terminal's tongue 
insulated for the many favorable advantages area affords maximum utilization of the 


provided by this reliable synthetic material. metal’s inherent structural characteristics. 


The new.yellow and. white color-eoded-.A-MP 
“T-Head- Hand Tool provides wide range, light 
weight application -tooling for the New A-MP 
"24-20" Terminal and Connector. An A-MP 
Double-Action Hand Tool is available, also. 
Both tools feature the A-MP Certi-Crimp® 
Control . . . for positive crimping of the terminal 
to the wire. 


Additional information is available on request. 


IncoRPOoORATED General Offices: 5203 Eisenhower Boulevard, Harrisburg, Pa. 


Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada 
Aircraft-Marine Products (Great Britain) Ltd., London, England 
Societe AMP de France, Le Pre St. Gervais, Seine, France 
AMP —Holland N.V.’s-Hertogenbosch, Holland 


Distributor in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan 
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T\ Constant 
speed under 
varying loads 


They look like twins — 


but one is synchronous 


Louis Allis “Syncro-Spede”* offers—for the first time—a synchronous 
motor in the same frame sizes as a standard induction motor 


New from Louis Allis — the most compact and effi- 
cient synchronous induction motor on the market 
... the revolutionary “Syncro-Spede.” It’s the only 
synchronous motor built in standard NEMA frames 
for comparable ratings in any enclosure. 


The space-saving “Syncro-Spede” has no external 
excitation, wound rotating fields, collector rings or 
brushes—offers simplified control and low-cost oper- 
ation, virtually maintenance-free. 


In performance, “Syncro-Spede” delivers and main- 
tains exact synchronous speed within its rated ca- 
pacity, regardless of load variations or voltage dips. 
When powered by a single adjustable frequency 
source acceleration, running speed, and deceleration 


*''Syncro-Spede"’ is a trademark of the Louis Allis Co. 


MANUFACTURER OF 
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ELECTRIC MOTORS AND ADJUSTABLE 


of several different ratings of ‘“Syncro-Spede” motors 
can be synchronized. 


*“‘Syncro-Spede”’ is the low-cost answer to such 
demanding synchronous applications as precise ad- 
justable-frequency multi-motor systems... high-fre- 
quency generator drives and constant-speed convey- 
or drives . . . precision timing and metering devices 
- - - recording instrument drives .. . any system 
requiring constant speeds from no-load to full-load. 
“‘Syncro-Spede” sizes range up to 100 hp. For in- 
formation and expert application engineering as- 
sistance, contact your nearby Louis Allis District 
Office or write directly to The Louis Allis Company, 
428 East Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS 


SPEED DRIVES 
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CRUCIBLE PERMANENT MAGNETS 
give maximum energy... minimum size 


Special applications, such as radar load isolators, demand compact but powerful 
magnet assemblies. And this is but one of the many places where the consistently higher 
energy product provided in Crucible Alnico magnets pays off. 

These Crucible Alnico permanent magnets can be sand cast, shell molded, or 
investment cast to exact size, shape or tolerance requirements ...and in any size 
from a mere fraction of an ounce to hundreds of pounds. 

The design and production of permanent magnets has been a Crucible specialty ever 
since Alnico alloys were discovered. It’s one of the good reasons why so many 
people bring their magnet applications to Crucible. Why don’t you? Crucible Steel 
Company of America, The Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 
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HOW NYLOK® LOCKS: 


LOCKED! The tough, resilient nylon pellet keys itself into the mating threads. It forces threads together and locks the screw securely. 


NEW—self-lockin 


Self-locking UNBRAKO socket head cap screw. 


UNBRAKO SOCKET SCREW DIVISION 


g UNBRAKO socket head cap screws 


They won’t work loose. And they simplify design and save production time. 


UNBRAKO socket head cap screws are now 
available embodying the Nylok* self-lock- 
ing principle. Nylok provides the first truly 
practical solution to the problem of making 
cap screws self-locking. 

An UNBRAKO cap screw with Nylok is a 
single self-locking unit. No auxiliary locking 
devices are needed. Just thread the UNBRAKO 
into any tapped hole. Seated or not, it locks 
positively wherever wrenching stops. The 
tough, resilient nylon pellet forces mating 
threads together and holds tight. The screw 
will not work loose. 

You save production time when you 
make products with self-locking UNBRAKOs. 
And you get greater simplicity in design with 
less bulk and weight. The number of parts 
you must assemble to achieve full locking 
action is reduced to the absolute minimum. 
Lockwashers under screw heads are no 
longer necessary. Costly wiring of cross 
drilled heads is eliminated. And in many 


cases you will save weight and mass by 
using shorter screws in tapped holes instead 
of drilling through and using nuts and 
lock washers. 


Self-locking UNBRAKOs are reusable. They 
have uniform locking and installation 
torques—with no galling or seizing on mat- 
ing threads. They successfully withstand 
temperatures from —70° to 250°F. And, 
when screws are properly seated, the locking 
pellet also functions as a liquid seal. 


A complete line of self-loeking UNBRAKO 
socket screw products, in a wide range of 
standard sizes, materials and finishes, is 
available through your authorized indus- 
trial distributor. Technical data and speci- 
fications are detailed in Bulletin 2193. Write 
us for your copy today. Unbrako Socket 
Screw Division, STANDARD PRESSED STEEL 
Co., Jenkintown 9, Pa. 


*T.M. Reg. U.S. Pat. Off., The Nylok Corporation 


STANDARD PRESSED STEEL CO. 
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ILLUMINATED 
PUSH BUTTON 





PUSH TO TEST . 
INDICATING LIGHT 





or . 


OIL-TIGHT PUSHBUTTON LINE 


General Electric’s oil-tight line includes: 
standard and mushroom-head buttons; 
selector switches and potentiometers; in- 
dicating lights in six colors; and other 
special operators. Stations are available to 
accommodate one to sixteen units. 





ILLUMINATED PUSH BUTTON 


Color caps are available in red, green, 
amber, white, blue and clear. Units can be 
furnished with guard (left on station). 
Transformers are available rated 110, 220 
volts, 50/60 cycle or 440 volts, 60 cycle. 


PUSH TO TEST INDICATING LIGHT 


Faceted lens provides greater dispersion of 
light and gives all-angle visibility. Forms 
are available with the same transformer 
ratings and with the same six lens colors as 
the illuminated button. 


ey 


ys 





ADDED TO GENERAL ELECTRIC’S OIL-TIGHT PUSH BUTTON LINE, 


| 


BAKER BROTHERS, INC., Toledo, Ohio, has standardized on 
General Electric oil-tight push buttons for their plastic molding 
presses. Units are front mounted on control panel door. 


dll 


a 
» 


ed 
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ONSRUD SPAR MILLING MACHINE—operated by G-E oil-tight 
push buttons in flush panels and a pendant station—is made by 
Onsrud Machine Works, Inc., Chicago, Illinois. 


A... 


NEW illuminated push button and a 
NEW push to test indicating light 


A new space saving illuminated push 
button and a quick-check, push to test 
indicating light have been added to the 
General Electric oil-tight pushbutton line. 
The illuminated push button is a single 
unit that provides the functions of both 
a push button and an indicating light, and 


can save you half your mounting area. 
The new push to test unit meets the 
newly revised JIC standards for push-to- 
test indicating lights. Both new units fit 
the same mounting hole and space as 
other units in the line. 


BOTH NEW UNITS are furnished with 
one standard contact block, and a permafil 
encapsulated transformer with the bulb 
mounted on the front. The encapsulating 
material helps insulate the transformer 
windings, and provides additional strength 
and resistance to mechanical damage. The 
bulb is the new plug-in G-E No. 12, 6 volt 
lamp, which has extremely long life. 


FLEXIBILITY in selection is one im- 
portant feature of the entire General 
Electric oil-tight pushbutton line. Build- 


ing-block construction allows you to use 
the same contact block with all separable 
operators, color rings and nameplates. 
Indicating lights, special units and 
accessories complete the line to give the 
many combinations you need. 


FOR DETAILS of the new units and the 
complete oil-tight line, see your nearest 
General Electric Apparatus Sales Office 
or Distributor. Or, write for bulletin 
GEA-5779, Advertising Section 731-12, 
General Electric Co., Bloomington, Illinois. 
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TV SETS — “Wire-Wrap" too! makes stable solder- TELEPHONE CONTROL PANELS — Small ''Wire- 


less connections. Wrap" tool tip gets into tight places. 
cy 
4 7 


=< ~ * lle 
CONTROL DEVICES — “Wire-Wrap"’ tool speeds COMPUTERS — Connections made with “Wire- 


intricate electrical connection work. Wrap" tool are uniform. 


‘a 


EVERY DAY MORE SOLDERLESS CONNECTIONS 
ARE MADE WITH KELLER (ize-(i/zae TOOLS 


Five years ago Keller ““Wire-Wrap” tools began ADVANTAGES 
saving time and materials in the assembly of elec- 
trical connections. The electronic industry was quick ee ay 
to see the advantages of a solderless, metal-to- e NO OPERATOR FATIGUE—"Wire-Wrap 
metal connection that resisted vibration failure and tool weighs only one pound. 

corrosion. Today, ‘““Wire-Wrap”’ tools have made e AIR OR ELECTRIC POWER TOOL —straight 
well over 700 million connections without a reject. or pistol-grip handles. 


WRITE FOR INFORMATIVE BOOKLET 


{SERDD “ ENGINEERING FORESIGHT—PROVED ON THE JOB 
hy ae , IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 
ae ANY 


GARDNER - DENWER 


' Gardner-Denver Company, Quincy, Illinois 
Lend > In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Ave., Toronto 16, Ontario 


e SPEED—2 seconds total time per connection. 


\? 
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ENGINEERING DATA 


Size 4 A.C. Contactor Ratings* 


aa Enclosed Power Rating 
aes Phase 
= HP 


on Phase 
K.W. 
110 
220 
440 
550 


120 Amperes for 250 Volt Circuits or Less 


*The ratings listed are those recommended by the National Electrical 
Manufacturers Association. 


**These ratings apply to open or enclosed contactors. 
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NEW 
150-amp 
solenoid 
contactor 
extends 
proven line 


This new Size 4 A.C. solenoid contactor is ideal 
for use in motor starters and controllers for main 
line, accelerating and reversing purposes and 
for resistance heating and lamp loads as well. 

It’s the new Bulletin 4454—incorporating 
many advanced design features found on Ward 
Leonard’s Sizes 0 to 3 contactors. Check these 
outstanding features: 

New sintered-silver-cadmium-oxide contacts 
—can repeatedly handle high inrush currents 
without a sign of contact welding, excessive 
pitting or other damage. 

Simple, compact solenoid design—excellent 
for modern metal control panels using acces- 
sible front-of-board wiring, particularly useful 
where panel space is limited. 

Available with two or three main poles and 
up to 4 side-mounted auxiliaries. Also with pro- 
vision for mechanical interlocking and addition 
of overload relays. 

Completely described in Bulletin 4454. Write 
for your copy today. The Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, New 
York. (In Canada: Ward Leonard of Canada 
Ltd., Toronto. ) 7.6 


LIVE BETTER...E/ectrically 





TYPES 


4JD4A2 
4JD4A3 
4JD4A4 
4JD4A5 


FOUR NEW G-E 


Sihieon 


TRANSISTORS 


® Operation below zero 
and up to 150°C 


@ 25 mc alpha cutoff 
@ Low leakage current 


@ Easy automatic insertion 
in printed circuit board 


DESIGN FEATURES 


High Temperature Performance . 
maximum ambient operating temper- 


ature 150°C, storage temperature up 
to 200°C 


New Package Design... for automatic 
insertion in printed circuit boards 


Package Hermetically Sealed ...no 
moisture seepage from outside air 


Here are just a few typical applications for 
the NPN silicon triode transistors: wide 
band and d-ce amplifiers, oscillator circuits, 
computer switching. 

And now all General Electric transistors 
are a better buy than ever. Because of mech- 
anized production lines, G-E transistors are 
made in less time and at a lower cost than 
before. Thus you benefit from lower prices. 
Besides, machine methods used on the 


General Electric production lines promote 
the strictest adherence to top quality stand- 


Package Seams Are Welded... for 
great strength, long wear 


Long Life and Stable Performance .. . 
when used within specified ratings 


Small Size .. . extremely compact 
design provides added flexibility for 
most applications 


ards. As a result, characteristics are con- 
trolled and narrow limits are built into the 
production transistor for a more uniform 
product. Therefore, General Electric is able 
to give a one-year written warranty. 


For specifications and application engineer- 
ing assistance, call your G-E Semiconductor 
District Sales Manager, your G-E Semi- 
conductor distributor, or write the General 
Electric Company, Semiconductor Products, 
Section $2067, Electronics Park, Syracuse, 
N. Y. 


Progress /s Our Most Important Product 


GENERAL @ ELECTRIC 


ecG.22¢ 
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The performance and the name are the same 
around the world 


Shell Alvania Grease, used world-wide as a multi-purpose 
lubricant, has an outstanding performance record in solving 
DAACHINERY MANUFACTURERS: many of the toughest anti-friction bearing grease problems. 
The performance of Shell Alvania Grease Ideal for wet, humid applications (inhibited to prevent 
enjoyed by your domestic customers ts water corrosion), it lubricates under water-wet conditions 
available abroad. And this same uni- 


formity applies to which normally spell trouble. 

SHELL TURBO OIL—gives onti-weor Alvania* Grease has the added advantage of remaining 
lubrication for utility, industrial and plastic in sub-zero weather and stable under sustaining 
marine turbines high temperatures. This one grease successfully replaces 
SHELL TELLUS OlL—lubricant and con- dozens of special lubricants in plant after plant . . . reason 
trol fluid for complex hydraulic systems, enough for its universal popularity. For complete 

and a complete line of other information, write Shell Oil Company, 50 West 50th St., 
SHELL INDUSTRIAL LUBRICANTS New York 20, N. Y., or 100 Bush St., San Francisco 6, Calif. 


*Trademark 


SHELL ALVANIA GREASE 


A TRULY MULTI-PURPOSE LUBRICANT 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVEK 





VERTICAL HOLLOW 
SHAFT MOTORS 
1 thru 150 hp 
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Full-Range ... Engineered for your requirements 


A a 
a v ) 
> |= 


INTEGRAL HP MOTORS GEAR MOTORS HERMETIC MOTORS FRACTIONAL HP SIZES 
Single phase 1 thru § 1 thru 25 hp 1 thru 100 hp Jet pump, and rigid 
5 hp; polyphase All reductions Single and or resilient base 


1 thru 150 hp polyphase motors 4% thru 3 hp 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


@ & 
He SY ER Te a 


ELECTRIC MOTOR DIVISION 
Tipp City, Ohio 


GET ALL THE FACTS about the complete 
line of A. O. Smith motors . . . creative 
motor engineering services . . . mass- 


a 

7 
production facilities. Write for new motor se 
Bulletin No. EM 157-B, or refer to Sweet's ~ 
Product Design File. 


i# 





Does A Big Job 


Takes Less Space 


TYPE Z RELAY 


by Westinghouse 


Small, versatile, amazingly rugged, this 

new Westinghouse relay is designed for long life 
and high reliability. The relay user who has 
space problems... wants a lot of relay 

in minimum mounting space finds Type Z 
ideally suited. Type Z meets U. L. Standards 
for 230 volts, is equipped with double-pole 
double-throw contacts of fine silver. Coil 

and core are interchangeable for 

a-c or d-c operation. An ideal relay for 
auxiliary multiple-circuit switching of light 
loads, small motors or for operating 

larger contactors or starters. J-30262 


you CAN BE SURE...1F ITS © 
Westinghouse 


Nylon armature insulating plate 
Encapsulated removable coils 


Firm contact pressure, low resistance 
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NOTHING can equal Stainless Steel 


in its unique combination of properties 


a 


| > 


A 


For Heat Resistance 


Pittsburgh Plate Glass Company wanted to increase the output 
of their glass tanks, so they needed better rolls to withstand the 
heat from the 2000° F. glass. They chose USS Stainless Steel 
Forgings for this critical location because Stainless resists crack- 
ing and oxidation, and retains its dimensions, even though in 
24-hour-a-day service. 


For Corrosion Resistance 


Calera Mining Co. operates the world’s largest cobalt refinery, 
and the process involves leaching with a sulfuric acid solution. 
The Stainless Steel agitators shown here hold up at temperatures 
as high as 200° F., despite the high acid concentrations. 


For Durability 


The nationally famous Norwalk 
Truck Lines have been using Stain- 
less Steel trailers since 1941 and 
they've never had one wear out. Al- 
though the Stainless trailers cost a 
little more initially, Norwalk gladly 
pays the difference because 

the trailers never have to 

be painted, and they never 

rust out underneath. 


No other design material can match Stainless Steel in 
its combination of desirable properties: corrosion re- 
sistance, strength, hardness, beauty, cleanabili*y and 
easy fabrication. If you’re looking for a reliable source 
of supply, remember that United States Steel offers you 
the widest range of types, finishes and sizes. 

UNITED STATES STEEL CORPORATION, PITTSBURGH © AMERICAN STEEL & WIRE DIVISION, CLEVELAND 

COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO « NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


UNITED STATES STEEL SUPPLY DIVISION. WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS STAINLESS STEEL 


SHEETS - STRIP - PLATES - BARS - BILLETS 
PIPE - TUBES + WIRE + SPECIAL SECTIONS 


UNITED STATES STEEL 








SEE WHY A FENWAL 
FITS HTS TASK AND 


z 
oe 


Standard Differential Expansion Units 
are tough at the same time they are sensitive. They have 
these features in common: uniform sensitivity through- 
out the operating range . . . built-in temperature antici- 
pation ... enclosed, tamperproof assembly, direct radiant 


heat reception ... operating range from —100° F to 
600° F. 


Woll Insulation Expanding Shell 


Midget and Miniature Differential Expansion Units 


...some no larger than a sugar lump. Actual sizes 14” 
to 2 254” for the Midget, and 1” x 14”, Miniature. Ideal for 
“tight spots’”’ where dependability cannot be sacrificed. 
Hermetically-sealed models. Midget temperature range 
— 50° F to 500° F. Miniature — 20° F to 275° F. 


Here’s How Differential 

Expansion Units Work .. . 
the control element is a single-metal shell 
that expands or contracts instantaneously 
with temperature changes, making or 
breaking the totally-enclosed electrical 
contacts. The standard size, midget and 
miniature units all use this principle. 
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THERMOSWITCH UNIT 
YOUR DESIGN SO WELL 


Positive-Action Performance in 


Temperature Control Units in Many Sizes and Shapes 


A better answer to many a temperature control 
situation is to be found on these pages. 

In fact Fenwal can furnish you with over 25,000 
variations to satisfy your requirements of tempera- 
ture range, precise control of set point, physical size 





Snap-Action Units 


control loads up to 20 amps, 115-250 volts A.C., or 10 
amps, 125 volts D.C. without relays. Picture shows only 
two of twelve basic models available from Fenwal’s 
Series 20,000 (one switch) and Series 22,000 (two switch) 
snap-action units. Specialized units can be assembled for 
you from a selection of temperature ranges, headtypes 
and mounting styles. 


Ashland, Mass. 


eee eae ee ee 


POS s tee 2 as 

CONTROLS TEMPERATURE Company....... 
.. . PRECISELY me: b8 23 45 3s 
ee ae eee 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Fenwal Incorporated 
16 Pleasant Street 


Please send me literature and specifications on items checked. 

(_] Fenwal Standard THERMOSWITCH units (MC-135A) 

(_] Fenwal Midget and Miniature Controls (MC-124B) 

] Fenwal Snap-Action Temperature Controls (MC-120B and MC-143) 


and current carrying capacity. 

Yes, Fenwal THERMOSWITCH units can provide the 
answer to your temperature control problems. The 
coupon will bring you the specific literature that will 
help you most. Fenwal Incorporated, Ashland, Mass. 


: 
“ 
>> 
fs 
ay 
. 
‘ 
r 
id PIPE ADAPTER 


LOADING SPRING 


SPRING SEAT WASHER, 


HIGH CONDUCTIVIT 
OUTER SHELL 


BELLOWS 
ACTUATING ROD 


EXPANDABLE LIQUID FILL 


Here's How Snap-Action Units Work... 


the control action comes from an expandable liquid acting: 
on a bellows assembly which actuates the switch contacts 
through a push rod. In Fenwal units, the liquid is outside 
the bellows, adjacent to the shell, for shorter heat transfer 
path and greater sensitivity. 


I I I  teieediematiametine 





The Sign of 


Quality, Service and Progress in 


it was in May, 1907, that Ferdinand Wetterberg 
founded New Jersey Wood Finishing Company. 
Today, under the guidance of Harold Wetterberg, 
President, the Wetterberg tradition 
is being maintained. A half-century of 
continuous, uninterrupted manufacturing 
know-how stands behind the Vartex line. 


The years have seen New Jersey Wood 
Finishing Company’s role become one of 
specialization in the electrical insulation field. 
Through scientific research, products have 
been improved constantly, performance 
standards have been raised ever higher, 
and the Vartex line—keeping pace with 
industry—has broadened into today’s complete 
and comprehensive line of the most 
modern flexible electrical insulation eee. 
Vartex is your assurance of quality 
with a tradition. 


i 


nation a Insulation 
artex a 
d Vartex ae cambrie 


AGENTS IN ALL PRINCIPAL CITIES 


NEW JERSEY 


WOOD FINISHING COMPANY 


WOODBRIDGE, N. J. 
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has been increased. You can now get sizes 
ranging from 8 to 120 dp! No matter what 
the size, or whether you need thousands or 
millions, you can expect the same remarkable 
accuracy and top quality in every piece we ship. 


The outstanding success of WINZELER Stamped 
Gearing results from vastly improved methods 
of Tooling, Stamping, Assembling and Inspec- 
tion. Mechanisms run smoother, quieter, longer. 
Production flows faster. Savings, up to 60%, 
are common. Ask us now about the Gearing 
you need. Send drawings or descriptions. Ideas, 
suggestions, low cost estimates do not obligate 
you. Write TODAY! 


T he range of WINZELER Stamped Gearing 


MAIL THE 
COUPON 

FOR FREE 
STAMPED 


GEAR FOLDER 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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8 10 120 op: 


SEE .018 INCH DIAME- 
TER HOLE STAMPED 
IN MAGNIFIED IMAGE 
OF .032 INCH FACE, 
120 DP BRASS GEAR. 


ACCURATE, LOW COST STAMPED BAKELITE GEARING 


Now, WINZELER suc- 
cessfully Stamps and 
shaves with special tool- 
ing, Gearing from BAKE- 
LITE material up to 1/8" 
thick. Sizes, from 8 to 
16 dp. Teeth are sharp, 
clean-cut, uniformly ac- 
curate. CUT COSTS. 
Check up on these tough, 
quiet, lightweight Gears 


| WINZELER MANUFACTURING & TOOL CO., 
{ 7355 W. WILSON AVENUE, CHICAGO 31, ILLINOIS 
1 Gentlemen: 


i Please mail to me, at once, a copy of the 
! free WINZELER Stamped Gear folder. 


Zs 
5 
> 
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Designers 
General Electric tracer control systems meet every 
machine-tool need, speed production automatically 


To enable machinery designers to build 
fast, accurate, consistent production 
into lathes, milling machines, vertical 
boring mills and similar machines, 
General Electric offers a line of electric 
tracer control systems to operate ma- 
chine tools. Five different systems can 
be applied singly or in combination to 
control any number of motions, in any 
machine application—automatically. 


Basic function in all cases is the same 
—to direct motions of cutting tool or 
tools per directions stored in templates. 
In operation, cutting tool is guided over 
the work by a tracer head which auto- 
matically follows contours of template 
and controls speed of feed drives. 


These completely engineered systems 
are applied to machines in close co-opera- 
: : tion with machinery builders to provide 
**A SYSTEM FOR EVERY MACHINE APPLICATION” includes a tracer control system for this 90-ton 


Onsrud contour milling machine. It directs twelve simultaneous cutter-feed motions, changes them at integration of control and machine. For 
a rate much faster than possible by human hands, makes repeat cuts to accuracies of 0.002 inch. more data, see Bulletin GEA-6122. 


Another motor “first” —inherent protection now available 
On 7R/ 3) CLAB polyphase motors (1-5 hp) 


866 U5 PAI OFF 


eed 


For the first time in the motor industry, 
built-in thermal protection is now avail- 
able on General Electric’s line of Tri- 
Clad* ‘55’ foot-mounted, drip-proof 
1800 rpm polyphase motors, as well as 
single-phase, ratings from 1- to 5-hp. 
This extra-value feature—now specified 
as optional equipment—responds to 
both current and temperature to help 
protect the motor from damage due to 
excessive overload currents, stalls or 
high ambient temperatures. 

Add this to many other quality fea- 


tures built into the line, for example: 
improved operating characteristics, with 
— | full-load speed averaging 25 rpm higher 


COMPLETE LINE of Tri-Clad’55’motors includes INHERENT PROTECTION—lotest Tri-Clad ‘55’ than an old-design motor of same rating; 
dripproof motors (shown), totally enclosed extra-value feature —responds to current and better use of space for smaller, lighter 
motors, and a full line of industry specified types. temperature, helps protect motor from over- design without sacrificing full-power 
Many motors accessories are also available. loads, stalls, and high ambient temperatures. performance; easy-access conduit box 


that rotates for connection from top, 
bottom or sides. See Bulletin GEA-5980. 


*Registered trade-mark of General Electric Co. 
/ 


GENERAL &o) ELECTRIC 
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Digesti? 


Strongbox solenoids cover 
all ratings, mount 5 ways, 
require 22% less space 


You can build straight-line mechanical 
force into your machine designs easier 
than ever with General Electric’s line 
of industrial strongbox solenoids. 


Complete rating coverage is supplied by 
nine basic frame sizes. These sizes pro- 
vide more accurate selection in push 
or pull forms, 24 to 600 volts, 60 cycles, 
a-c and d-c. Nominal ratings at maxi- 
mum stroke are: 1!” pull—3.8 to 40 
pounds; 1” pull—1.4 to 36 pounds; !” 
push—2.5 to 33 pounds; 1” push—4.3 
to 28 pounds. 


Greater flexibility is provided because 
these versatile solenoids can be mounted 
in five different ways. Brackets can be 
moved to any of four sides, or thru-bolts 
can be used. Wiring is easier because 
both leads and built-in terminal boards 
(which may be connected if desired) 
are furnished on strong-box coils. 


Longer life—proved by many customer 
applications—results from features such 
as laminated steel plunger and frame 
that are designed to distribute stress, 
glass fabric plunger guide that resists 
wear, and strongbox construction that 
resists entrance of oil, dust or moisture. 


Smaller size—Up to 22% smaller for 
the same power ratings as previous 
models—permits a saving of space on 
your machines and smaller enclosure. 
This size reduction is made possible by 
more efficient utilization of steel, copper 
and insulation. For full details, see 
Bulletin GEA-6215. 


att 
WITT BLL RS 


Pneumatic time-delay relays offer repetitive accuracy 


Where high repetitive accuracy of a 
time-delay relay is needed—for example 
in machine-tool sequencing operations— 
make the General Electric pneumatic 
time-delay relay your choice. It pro- 
vides repetitive accuracy of +10 per 
cent of average time setting, including 
effects of variations in humidity and 
atmospheric pressure. 


Relay affords stepless adjustment for 
a time delay ranging 4 to 180 seconds 
by turning a single screw, easily acces- 
sible from front of relay. 

With snap-action silver contacts and 
strongbox coil, relay is designed to last 
for millions of operations, even on 
rapid-duty cycles. Greater dependabil- 
ity is provided by its rigid, die-cast 
aluminum construction, and a filtered 
air intake that keeps out dirt and 
dust. 


Time delay can be arranged to time 
out after energizing or de-energizing. 


Designed specifically for machine- 
tool use, these General Electric totally 
enclosed, fan-cooled fhp motors have 
ball-bearing construction with long-life 
grease to meet the heavy thrust condi- 
tions of many machine-tool applications. 


Under normal operating conditions, 
factory lubrication with improved-type 
grease should last 10 years and reduce 
routine maintenance time and cost. 


Welded-on steel base gives strong, 
solid mounting that withstands shock 
and vibration, maintains accurate motor 
alignment. Compact, yet sturdy con- 
struction can simplify your design and 
assembly problems. 


Years-ahead motor design enables 
these motors to meet the tough require- 


Unit, rated at 25 amperes “‘make and 
carry’’, is available in open form or 
NEMA enclosures and with or without 
instantaneous closing contacts. See 


Bulletin GEC-1425 for details. 


FHP machine-tool motor gets 10-year lubrication 


ments of frequent start-stop service and 
plugging. Ratings are 4, 44, 14, 34 hp 
in 60/50 cycles, at voltages of 208- 
220/440, 220/380, 500. For additional 
details, send for Bulletin GEC-1306. 


General Electric Co., Apparatus Sales Division, Section D668-134, Schenectady 5, N. Y. 


Please send me the following bulletins: 
“/ for reference purposes 
0 GEA-5980_  Tri-Clad ‘55’ motors 
(1-5 hp) 
0) GEA-6122 Tracer Control systems 
0 GEA-6215 Strongbox solenoids 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


X for immediate project 


0 GEC-1306 Fhp machine-tool motors 
0 GEC-1425 Pneumatic time-delay 


relay 


Company 





When operating temperatures are wide! 



























































Oronite POLYBUTENES are the answer 


in paper-insulated electrical products 


Oronite Polybutene, when used as an impregnating agent, offers superior dielec- 
tric strength, low expansion coefficient and low power factors — all essential in 
paper-wrapped or oil filled condensers and capacitors. Conductors so insulated 
show excellent stability under accelerated thermal aging tests and have proved 


most successful under wide operating conditions. 


Contact the Oronite office nearest you for more information or product samples. 


Oronite—the original and major producer of POLYBUTENES 


iy ORONITE CHEMICAL COMPANY 


EXECUTIVE OFFICES 
200 Bush Street, San Francisco 20, California 
SALES OFFICES 
New York, Wilmington, Chicago, Cincinnati, Houston, Los Angeles, San Francisco 
EUROPEAN OFFICE 
36, Avenue William-Favre, Geneva, Switzerland 


JUNE 1957 ELECTRICAL MANUFACTURING 





“IMPOSSIBLE” BRASS EXTRUSION 
SAVES *87,000 YEARLY! 


Chase “Know-How” 
cuts costs for Johnson Motors 


(world’s largest manufacturer of outboard motors) 


The shift-rod connector on rugged, _ find out how closely a brass extrusion 
dependable Johnson Sea-horses had to _— could approximate their requirements. 
be strong enough to hold up under _—— And Chase “know-how” came through 
severe stress and compact enough to _ beyond their expectations! 

operate in the clearances available on 


F Chase mill techniques proved to be 
smallest engine models. 


so precise that the required extrusion 

Stamped parts were completely un- needed no additional machining to 
satisfactory. Parts machined from rod __ cross-sectional dimensions! Result? 
were too bulky for versatile applica- | An annual saving of approximately 
tions. So they checked with Chase to $87,000 plus a much better design. 


Bring your production problems to. . Cc lhase Pp 


BRASS & COPPER CoO. 
WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 
Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth, L. 1.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 75 





\DO YOUR INSULATION MATERIALS 
_GIVE CLASS B PERFORMANCE 
. AT CLASS A COST? 


Take advantage of the many Owens-Corning Fiberglas base 
materials that do give high temperature performance at the 
cost of organic-based products. Fiberglas* base electrical insula- 
tion materials are widely recognized as the ideal high tempera- 
ture dielectric materials. Their superiority has been proven 
through years of use in new and rebuilt equipment. Today, 
product development has made possible many Fiberglas base 
varnished clothes, sleevings and tubings, mat laminates and 
cordages that cost no more than Class A products, yet give you 
a combination of valuable properties that no other textile base 
can approach: 


High Thermal Endurance 

Reduced Space Factor 

Superior Electrical Properties 

High Moisture Resistance 

High Tensile Strength 

Oil and Acid Resistance 

Higher Thermal Conductivity 
Good Impregnation Characteristics 


Your Owens-Corning Distributor will be glad to give 
you further information on the complete line of insu- 
lation materials on the opposite page. 


CALL THESE AUTHORIZED 


Allied Rubber & Mica Co. E & H Electrical Supply Co. 
1430 West Third Street 625 South 12th Street 
Cleveland 13, Ohio Louisville, Kentucky 
— eect Company Electrical Equipment Co. 
Pittsburgh 21, Pa. 9 West Main Street 

e ~ iat Gunster Oo. Richmond, Virginia 

205 West 28th Street Electrical Insulation 
Baltimore 11, Maryland Suppliers, Inc. 
Brownell Dist., Inc. 500 Means Street, N.W. 
306 Canal Street Atlanta, Georgia 


New York 18, New York Elec. Maint. Equipment Co. 
Butts Electrical Supply Co. 917-17 North Broad Street 
101 North Pennsylvania Philadelphia, Pa. 
Oklahoma City, Oklahoma 

ch Distributing Company Electrical Specialty Co. 


1301 Saw Mill Run Blvd. 316 Eleventh Street 
Pittsburgh 26, Pa. San Francisco, California 


Consumers Rubber Co. Electrical Wholesalers 
410 Lakeside Ave., N.W. 2001 Griffin Street 
Cleveland 3, Ohio Dallas, Texas 
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ELECTRICAL LAMINATES 


To meet the many varied demands of 
laminate use, Fiberglas fabrics and mats 
are impregnated with: phenolic, polyester, 
melamine, silicone and Teflon resins. 


ELECTRICAL TAPES 


Fiberglas tapes are made with either con- 
tinuous filament or staple fiber yarns in a 
variety of weaves, thicknesses, widths and 
finishes to fit the particular application. 


MOLDED PARTS 


Reinforcement for molding compounds to 
give high dimensional stability, strength to 
weight ratio, impact strength; low moisture 
absorption; excellent electric properties. 


VARNISHED CLOTH 


Electrical characteristics vary with the 
types of impregnation. The most common 
are: yellow and black varnish, silicone 
varnish, Teflon**, and silicone rubber. 


MAGNET WIRE 


Fiberglas yarns provide exceptional heat 
resistance, positive space factor, and other 
vital performance characteristics at signifi- 
cant savings in space. 


CORDAGE 


Available either untreated or treated with 
neoprene, Teflon or silicone varnish in sizes 
ranging from 1/64" to 10/64". It is used 
wherever a high-strength, low-cost tying 
medium is required. 


SLEEVING AND TUBING 

Fiberglas sleeving and tubing is easy to 
slip over conductors, and it will not burn 
away if accidentally touched by a soldering 
iron, brazing or welding equipment. 


These materials are produced by bonding 
mica splittings or mica paper on, or be- 
tween layers of Fiberglas yarns or fabrics. 
Available bonded with either organic or 
silicone varnishes. 


PRESSURE SENSITIVE TAPE 
Fiberglas fabric or Fiberglas yarn rein- 
forced kraft paper are the two most 
widely used types of backing and are 
available with either a plain adhesive or a 
thermo setting adhesive. 


OWENS-CORNING FIBERGLAS ELECTRICAL DISTRIBUTORS’ TODAY 


Federal Insulation Company 
168 North Clinton Street 
Chicago, Illinois 

J. J. Glenn Company 

605 West Washington St. 
Chicago, Illinois 

The Huse-Liberty Mica Co. 
3012 Washington Street 
Boston 19, Massachusetts 
Insulation Mgrs. Corp. 

565 West Washington Blvd. 
Chicago 6, Illinois 
Insulation Supply Co., Ltd. 
779 East Pico Blvd. 

Los Angeles 21, California 
Insulation & Wires, Inc. 
1534 Swinney Avenue 

Ft. Wayne 6, Indiana 

The Fred W. Kiemle Co. 

33 Superior Street 

Toledo, Ohio 


Cc. D. LaMoree Company 
1325 San Julien Street 
Los Angeles 15, California 


Robert McKeown Co., Inc. 


6 Atlantic Street 
Newark 2, New Jersey 
Mitchell-Rand 
Insulation Co., Inc. 
51 Murray Street 
New York 17, N. Y. 
Moore-Handley 
Hardware Co., Inc. 
27 South 20th Street 
Birmingham, Alabama 
National Electric Coil Co. 
800 King Avenue 
Columbus 16, Ohio 
Pittsburgh Electrical 
Insulation Co. 
3000 Bigelow Blvd. 
Pittsburgh 19, Pa. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Prehler Electrical 
Insulation Co. 


2300 North Kilbourne Ave. 


Chicago, Illinois 


c. E. Riggs, Inc. 
317 N. W. Broadway 
Portland, Oregon 


Tri-State Supply Corp. 
544 San Pedro Street 
Los Angeles 13, California 


Western Fibrous 

Glass Products Co. 
739 Bryant Street 
San Francisco 7, Calif. 


White Supply Company 


4343 Duncan Avenue 
St. Louis, Missouri 


tHome office addresses only. 


INSULATION 


For technical data, write 
Owens-Corning Fiberglas Corp., 
Dept. 193-F, 598 Madison Ave., 
New York 22, N. Y. 


OWENS-CORNING 


FIBERGLAS 


*T-M. (Reg. U.S. Pat. Off.) O-C.F. Corp. 
e*T-M. (E. 1. du Pont de Nemours & Co.) 


MATERIALS 





=< = 


Exploded view of aircraft spark plug, showing the two concentric insulating sleeves of 
“Teflon.” Two sleeves are used to provide extra protection against dielectric failure. 


Insure trouble-free design 
with R/M CTeffon products 


For thousands of electrical applications 
“Teflon” has proved to be the best 
material because of its combination 
of properties—electrical, thermal and 
mechanical. It permits compactness of 
design, and because of its resiliency 
and toughness, components made from 
it often simplify installation. R/M 
Tape handles easily, conforms well to 
corners and unusual shapes, can be 
readily adapted for automatic wrapping. 


Here are some of the electrical 

properties of R/M “Teflon”: 

1. Power factor — less than 0.0003 over 
entire spectrum from 60 cycles to 
30,000 megacycles. 

2. Volume resistivity — greater than 10% 


ohm-cm, even after prolonged soak- 
ing in water. 


3. Surface resistivity— 3.6 x 10” ohms 
even at 100% humidity. 

4. Good arc-resistance— On exposure to 
an arc, the material vaporizes, leav- 
ing no carbonized path. 


. High short-time dielectric strength — 
values range from 1000 to 2000 
volts per mil, depending on thick- 
ness. 


. Resists high temperatures — electrical 
properties are essentially unchanged 
up to at least 400°F. 

Take advantage of R/M’s long ex- 
perience in developing the potentials 
of “Teflon” for the electrical industry. 
We fabricate “Teflon” to your speci- 
fications or supply it in rods, sheets, 
tubes, wire and tape in all standard 
color codings. Send for our bulletin 
“R/M Teflon Products.” 


*A Du Pont trademark 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION, MANHEIM, PA. 


FACTORIES: Bridgeport, Conn.; Manheim, Pa.; No. Charleston, S.C.; Passaic, N.J.; Neenah, Wis.; Crawfordsville, Ind.; Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics « Asbestos Textiles « Mechanical Packings « Industrial Rubber ¢ Sintered Metal Products « Rubber Covered Equipment 
Abrasive and Diamond Wheels « Brake Linings « Brake Blocks « Clutch Facings « Laundry Pads and Covers « Industrial Adhesives » Bowling Balls 
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In many applications the right kind of relay 
will outlast and outperform any other circuit 
elements. 

Even the most eager advocates of static 
switching systems—where static-magnetic 
and solid-state elements are used to accom- 
plish functions usually performed by relays 
and other contact-making devices—now 
recognize this fact. 

The Clare Mercury-Wetted-Contact Re- 
lay, for example, has a life of billions* of 
faultless operations. It requires no mainte- 
nance. It can switch from 250 volt-amperes 
down to a faint whisper of voltage and cur- 
rent. It is the best dry circuit relay in exist- 
ence. More than that—it is completely free 
from contact bounce. 

THIS is the relay that has become the main 
reliance of hundreds of leading designers 
of computing, data-processing and control 
equipment. For complete information write 
for Bulletins 120 and 122, C. P. Clare & Co., 
3101 Pratt Blvd., Chicago 45, Illinois. In 
Canada: 659 Bayview Avenue, Toronto 17. 
Cable Address: CLARELAY. 





FIRST in the industrial field 





CUARE RELAYS 


*More than two years ago 
a life test was started on 
a group of these relays 
carrying a full contact 
load of 5 amperes at 50 
volts d-c with suitable 
YF a ety) 91st OL 
have been operating con 
tinuously ever since at 
5,184,000 operations a day 
They are now approach 
Ty Ue Se La 
and the end is not yet in 
Tai 
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SPLIT PHASE, 


PERMANENT SPLIT 
CAPACITOR, 


CAPACITOR START- 
INDUCTION RUN, 


POLYPHASE 


CLEAN, MODERN DESIGN—tightweight, die-cast aluminum head ends accurately fit pre- 
cision machined steel body, assuring rigidity and good alignment. External finish is smooth, 
flaw-free . . . blends well with any color. 

IMPROVED, DOUBLE-END VENTILATION—Ventilating fans are integral with die-cast 
aluminum squirrel cage rotor, providing effective cooling of the windings from both ends for 
long life. Properly located openings give maximum cooling with minimum internal parts exposure. 
MYLAR* POSITIVE INSULATION—Mylar® polyester film laminated to rag poper insulates 
slot cells and other strategic areas, Excellent dielectric qualities and resistance to tearing and 
aging, affording virtually permanent protection against dust, moisture and heat damage. 


CHOICE OF MOUNTINGS, BEARINGS—Rigid, welded base or vibrationless, ultra-quiet 
resilient mounting with motor hubs floating on rubber cushioning rings permanently bonded to 
inner and outer metal bands. Either sleeve type or fully sealed ball bearings available. If desired, 
special construction permits re-lubrication of ball bearings. Bearings seat in precision bored 
steel rings cast into the aluminum heads. 


VENTILATION *DuPont registered trademark 


Robbins & Myers build motors 
from 1/200 to 200 horsepower 


SL 


© 
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R & M’s BROAD LINE 
OF SMALLER, LIGHTER, 
FRACTIONAL HP MOTORS 


Robbins & Myers Re-Rated Frames 56 and 48 


Here’s a dynamic new motor—smaller, lighter, more versatile than older frame 
motors—yet with undiminished performance and reserve power. Completely 
new R&M “Model R” fractional horsepower motors will perform dependably 
and enhance the appearance and acceptability of your products. They range 
from 1 to 4% HP in types for all your applications: polyphase, permanent split 
capacitor, capacitor start single phase and (in the smaller ranges) split phase 
types. Designed in new NEMA frames 56 and 48, they are lighter due to new 
applications of aluminum, steel and copper . . . smaller thanks largely to a 
unique new ventilating system . . . more versatile because of weight, size and 
many other design features involving frames, mountings, insulation etc. Look 
over the big advantages these motors offer you! Then write today for R&EM 
Bulletin No. 450—EM. 
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MYLAR SLOT CELL INSULATION BEARINGS 


ROBBING ¢ MYERS, we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


TOTALLY ENCLOSED—-FAN COOLED 


oss 
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Which Type ADJUSTABLE SPEED DRIVE CONTROL 
DoYou Need? SQUARED.BUILDS BOTH! 


Typical application of Adjustable Voltage 
Drive to large metal spinning lathe 

in operation at Phoenix Products Company, 
Milwaukee 


ADJUSTABLE VOLTAGE CONTROL 
FOR M-G SETS...Through 400 HP 
Simplified Circuits with rugged heavy-duty control 

components. 

Easy Maintenance because standard magnetic start- 
ers, relays and timers are used in combination with 
static regulators. 

3 Types Available « (1) magnetic amplifier exciters 
(2) dry disc exciters (3) rotating exciters. 

Easy to Adjust because centralized “tune-up” ele- 
ments are accessible and readily identified. 


ia. 
= tn reen 
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FULLY ELECTRONIC with SIMPLIFIED 
FAIL-SAFE CIRCUITS THROUGHOUT 


Simplified Circuits use less tubes. Fail-safe circuits 
prevent motor runaways. 
Easy Maintenance because sub-panels can be 
quickly removed and replaced. “Brain” panel senses 
varying conditions. 
Easy to Adjust with only a few, very accessible 
potentiometers. 

Both types are available in two kinds of con- 
struction—standard package and custom-built. 


Write for descriptive literature. Address Square D Company, 
4041 North Richards St., Milwaukee 12, Wis. 


EC&M weavy inpustry ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 


JUNE 1957 ELECTRICAL MANUFACTURING 





i Sk IBS iat OS a, aa, Ee: ats CAB 
ck A Rees ae a a ee Ges 


RESISTANCE TEST 


Shows Westinghouse Varnished Glass 
Cloth and Glass Tape Is a “True” 
Class “B” Insulating Material! 


What do you demand of a true Class “B” 
insulating material? 


That it provide good heat, abrasion and 
solvent resistance, plus high dielectric 
strength at 130°, of course. But for how 
long? Five minutes? Five months? Five years? 


Westinghouse Varnished Glass Cloth and 
Tape TT-9281 has shown the equivalent of 
ten years heat resistance at Class ‘‘B”’ 
temperatures!* 


Furthermore, this amazing resistance is 
achieved without the sacrifice of other 
properties. The continuous filament glass 
fabric, coated with quality heat resistant 
resins, also provides excellent flexibility, 
oil resistance, tensile strength and handling 
characteristics. 


That’s why Westinghouse Varnished 
Glass Cloth and Tape TT-9281 is called a 
“‘true’”’ Class ‘‘B”’ insulating material. 


Perit if] 


> The same quality is built into the complete 
aK ae NH a Enna ERO Oa ~+ : Leadership Line of Westinghouse flexible 
WW AAA OFT be ia = tapes, organic resins and varnishes for 
virtually every insulating specification. 
Whatever your insulating problem, why not 
call your Westinghouse sales engineer to- 
day, or send the coupon below for our 
complete Leadership Line catalog? y-o6637 


AVERAGE LIFE HOURS 


you can BE SURE...1F ITS 


p Weartagpeeee 


Westinghouse Electric Corporation EM-6-57 
Micarta Division, Trafford, Pa. 


Please send me your Leadership Line Catalog on 
Westinghouse flexible insulation, tapes, resins and 
varnishes. 


ati 
TITLE. 
COMPANY 
es sf ADDRESS. 
110 120 130 140 150 160 city 
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* TEMPERATURE °C 
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Ample Production Capacity—In this corner of the As- Thermal Relays are encased and hermetically sealed in this 
sembly Department, spot-welding operations are performed section of the Assembly Department. 
on relay and thermostat sub-assemblies. 


How Does G-V’s Leadership 


Today G-V Controls is recognized as the leader in the design, development, 

and manufacture of thoroughly reliable thermal relays. What does this mean 

to you? First, you can be sure that G-V thermal relays will operate reliably time after 
time after time. The many hundreds of customers who are ordering and reordering 
G-V thermal relays provide the most valid testimony to the uniformly high quality 
and reliability of the G-V line. Second, you can count on getting G-V relays when 


you need them. Third, G-V’s leadership has enabled the company to develop a line of 
thermal relays which embraces the widest scope of applications. Whatever your 
requirements, they will probably be covered by existing relays, and G-V has new 
ones coming along constantly. 


Dependable Deliveries— G-V Controls’ pro- 
duction volume today is ten times what it was 
three years ago. Throughout this period, for- 
ward looking expansion plans have always kept 
facilities ahead of customers’ needs. Efficient 
production control methods assure dependable 
deliveries. The production control board, pic- 
tured here, is used to monitor every order from 
the time it arrives through each step of manufac- 
ture to final shipment. G-V is known throughout 
the industry for its exceptional delivery record. 


The G-V LINE— includes over 1000 variations of Thermal Time Delay Relays, Voltage and Current 
Sensing Relays, Hermetically Sealed Electrical Thermostats, and Relay Assemblies. 








Pind 
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Production and 
Quality Control 





Skilled Personnel- There is no substitute for the skill and 
experience of the people who produce G-V Relays and Thermo- 
stats. The G-V Controls organization is a group who know their 
work is important, and who do it well. This is one of the prime 
factors responsible for the consistently high quality of G-V 
products. 


. # In Thermal Relays Help You? 


Quality Control ranks high in the G-V organization. Uniformly high reliability 

of product is maintained through the most complete and modern inspection methods. 
Effective statistical quality control is used. Roving Inspectors constantly check all 
processes on an hourly sampling basis. Each part and material has its detailed 
specification. All instruments and gauges are checked on regular schedule against 
primary standards. Every relay receives its final test on automatic equipment. Complete 
type tests at regular intervals are made in G-V’s Environmental Laboratory on the 
newest types of testing equipment. These factors, together with the care and skill of the 
experienced people who build G-V products, have made G-V Controls a trusted supplier 
to the country’s major electronic and aircraft manufacturers. 


Complete catalog data is available. 
Key spots open 


for engineers interested 


Saaueuon G-V CONTROLS INC. 


with a young 
penErenTne SrgeMaaieR. 8 Hollywood Plaza, East Orange, N. J. 


Quality Control— All G-V Relays are given 100% auto- Incoming inspection and hourly in-process checks on pre- 
matic time tests on this equipment developed and built by cision gauging equipment assure dimensional accuracy of 
G-V_ Controls. all parts and assemblies. 


“Stocked for Immediate Delivery’’—can be 
music to the ears of your production design 
engineers or purchasing agent. 


delivery when you go into production. 


For your existing production lines... check 
the Mallory “preferred list’’ for a size closely 
matching the contacts you may now be pur- 
chasing on special order. A change to a 
Mallory standard may enable an appreciable 


Out of thousands of styles and sizes of fine- 
silver headed rivets as specified in customer 
orders came a list of 70 standard size contacts 


most frequently used. All 70 standards are 
“Stocked for Immediate Delivery” at Mallory. 


For your new designs. . . check the Mallory 
“preferred list’’ for a size to fit your job. 


cost savings on current and future produc- 
tion runs. 


Write ...or ask the Mallory representative 
for your copy of the Mallory Contact Division 


A Mallory standard can save engineering 
time ... assure economical cost and prompt 


brochure 3-15A. It contains a complete stock 
list, dimensions, and pricing information. 


Serving Industry with These Products: P.R.MALLORY & CO. Inc. 


ALLOR 


. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


Electromechanical — Resistors * Switches * Tuning Devices « Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals * Welding Materials 
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In sealing, potting and encapsulation— 


8 SOPOT BER 


| 


? 


give excellent electrical, thermal and 
mechanical properties, plus— 


J excellent dimensional 


J high mechanical strength 
stability 


outstanding adhesion to J exceptional dielectric 
metal, glass, plastics properties 


Although relatively new, the Epon resins have won an 
important place in electronic and electrical manufacture. 
Their applications are manifold . . . in printed circuit 
laminates, transformer and motor sealing compounds, 
potting compounds for components and subassemblies, 
protective enamels, adhesives, tool and die materials. 


Applying Epon resin sealing com- 


pound, formulated by Epoxylite Cor- 
poration, El Monte, California, to a 
400-kva transformer winding at 
Larsen-Hogue Electric Co., Los 
Angeles, Calif. 


Thoxene Clamp-Coat, an Epon resin 
cable splicing compound, producesa 
weatherproof, abrasion-resistant 
coating with high electrical insula- 
tion. Manufactured by Woodmont 
Products Inc., Huntingdon Valiey, Pa. 


For petting and encapsulating—the excellent dimensional 
stability of Epon resins, which can, for example, withstand 
solder bath temperatures without ill effect, and their out- 
standing adhesion to metals and glass assures airtight en- 
closure of delicate components and vacuum tubes 


As adhesives—solvent-free Epon resin formulations cure at 
room temperature with contact pressure alone; form powerful 
bonds between glass, metal, wood or plastic. 


As sealing compounds—varnishes and enamels based on 
Epon resins provide excellent moisture sealing plus outstand- 
ing resistance to solvents and chemicals, even at elevated 
temperatures. 


For laminating— Epon resins laid up with inert fibrous fillers 
produce base laminates that have superior dielectric proper- 
ties and can be sheared, punched, drilled and bath soldered. 


Write for information on the use of Epon resins in electrical 
and electronic applications. 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION, 380 Madison Avenue, New York 17, New York 
Atlanta - Boston - Chicege + Cleveland « Detroit - Houston + Los Angeles » Newark - New York + Sen Francisce - St. Levis 


IN CANADA: Chemical Division, Shell Oil Company ef Cenede, Limited - Mentresi - 1 


+ Vencovver 
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Heat fast — These heating units are 
sheathed in Inconel or Incoloy alloy — 
each has the properties needed for 
tubes that give fast heat transfer. Their 
resistance to corrosion and cracking at 
high temperatures means coils made 
to last the life of the range. 


Why millions of American housewives 
never see a cracked heating unit 


Remarkable, isn’t it? 


In heating units for millions of electric ranges, the 
metal tubes get red hot and cool off over and over, for 
years on end. Cold water and food spill on them. Pots 
bang them. And no cracks! No warping, scaling or 
corrosion. 

Amazing metal tubes! 


The reason they stand up the way they do is because 
they're made with Inconel* nickel-chromium alloy or 
Incoloy* iron-nickel-chromium alloy sheathing. Made 
to last the life of the range . . . because these Inco Nickel 
alloys give outstanding service in all kinds of severe 
high-temperature conditions. 


Inconel « 


They fly with the stratosphere jets, enduring the 
blast of combustion gases. Over and over and over, they 
carry new steel gears or enameled ware through ovens 
or furnaces 600 degrees hotter than any range coil gets. 


So, when you know what these Inco Nickel Alloys 
do in far rougher, hotter service, you know why you can 
depend on Inconel and Incoloy sheathed heating units 
to give remarkably long, trouble-free service in your 


appliances. * Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 1Xco 


67 Wall Street New York 5, N. Y. 


TRADE MARK 


- Incoloy 


proved in millions of ranges 
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SPECIFY 
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CLOSEST TOLERANCES! 


You get insulating parts as accurate and as uniform as men and 
machines can make them, when you specify Macallen Mica. 
More than sixty years of Mica specialization is your guarantee. 
The result? Assembly speed that cuts your costs! 


SEND FOR CATALOG! 


It covers the most complete line of mica insulating products 
available from a single source. 


THE MACALLEN COMPANY 


BAY ROAD, NEWMARKET, N. H. 
565 W. Washington Blvd., Chicago 6, Ill. 
1231 Superior Ave., Cleveland 14, Ohio 
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RED JACKET MANUFACTURING CO. 
**jet pumps cost less to ship”’ 


K & S MANUFACTURING COMPANY 
**stands up under roughest handling”’ 


RUTHMAN MACHINERY COMPANY 


**more compact, yet full-powered’’ 


= mn hn- _ 
ALBERTSON & CO.—SIOUX TOOLS 
"lighter, smaller—with power to spare’’ 


LENNOX INDUSTRIES INC. 
**we just install them and forget them"’ 


ANTHONY MACHINE & ENG. SERVICE 
*tonly motor versatile enough for us”’ 


MODINE MANUFACTURING COMPANY 


"‘dependable 


in operation and delivery’ 


W. M. WELCH MFG. COMPANY 
“eliminated heavy mounting frames”’ 


THE TRANE COMPANY 
*"reduced product weight nearly 8 Ibs.”’ 


BARBER-COLMAN COMPANY 
‘‘cut manufacturing costs 12%"" 





ee 


G. C. BREIDERT COMPANY 
"as quiet as it is dependable”’ 


AUTO-NAILER COMPANY 
*‘All-angle mounting cuts design costs”’ 


LANCASTER PUMP & MFG. CO. 
*"G-E motors help sell our pumps"’ 


) 


a 


SOUTH BEND LATHE COMPANY 
‘top quality at competitive prices’’ 


BAR-BROOK MFG. COMPANY 


TEMCO, INC. 
** "no re-oiling’ feature rates high”’ 


‘light weight cut shipping costs”’ 





16 More Companies Say... 


LESS COSTS, MORE SALES with 
General Electric fhp motors 


S 


Yes—16 more manufacturers, like yourself, have re- 
ported on the cost-savings and sales-increases they’ve 
realized by incorporating General Electric ‘‘ Years- 
ahead”’ motors into their products. 

They are representative of the thousands of companies 
who have realized similar benefits—adequate proof that 
this General Electric fhp motor can save you money— 
can make your product more saleable. 

And no wonder! The G-E “‘ Years-ahead”’ motor in- 
corporates a number of advanced design features to give 
you longer motor life, unsurpassed versatility, and a 


lighter, smaller, more streamlined design to match your 
own modern product . . . for example—moisture resist- 
ant Mylar* polyester film insulation; dependable, 
all-angle sleeve bearings; doubled lubrication life; 
removable, rotatable cradle base; and many others. 


To find out how you can take greater advantage of 
these G-E motor benefits in your own product, contact 
your nearby General Electric Apparatus Sales Office, or 
write to General Electric Company, Section 702-30, 
Schenectady, N. Y. 


*Registered trade-mark of Du Pont Company. 


GENERAL @@ ELECTRIC 
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FOCAL LENGTH 


FIXED CAMERA 
\ DEPRESSION ANGLE 


\ 


\ 


MOVEMENT 
\ DURING 
EXPOSURE 


How Transicoil servos help aerial camera 


take clear stills even from low fast planes 


It’s one thing to take a picture of a moving 
object. But it’s quite another to get good 
clear shots of the ground from low altitude 
aircraft moving at today’s jet speeds. Uni- 
versal Camera Control System (UCCS) is 
the latest development in aerial reconnais- 
sance and photography to solve this problem. 
Designed and engineered by the Bill Jack 
Scientific Instrument Co., this novel system 
actually moves the film through the camera 
to compensate for image movement during 
the brief exposure time. 

Accuracy of the system is dependent on 
the airborne DC analog computer having 
absolute dependability and precision under 
all the environmental conditions of aircraft 


flight. Extremes of altitude, temperature and 
vibration cannot impair its effectiveness. 

Transicoil servo assemblies are used exten- 
sively in the computer to convert inputs of 
altitude, ground speed, camera depression 
angle, and focal length into the correct “film 
movement” signal. 

The UCCS application is typical of the 
way Transicoil rotating components and 
complete servo assemblies are achieving high 
orders of accuracy and dependability in 
countless applications. Transicoil can solve 
your servo problems with comparable suc- 
cess. A Transicoil Sales Engineer can help 
you to get off to a good start. A letter from 
you outlining your servo problem will bring 
him to your desk. 


TRANSICOIL CORPORATION 


Worcester « Montgomery County ¢ Pennsylvania 
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This is 
Anaconda 


Analac 


MTT Ke ved 
solderable 


MER NOK 





Twist wires . . 


Anaconda’s Analac* film-insulated, solder- 
able magnet wire can be used just as you use 
Formvar or Plain Enamel—except that it is 
solderable without stripping! 

Saves time and money wherever many sol- 
dered connections are to be made. Soldering 
by dipping, iron or gun produces a perfect 
joint. 

Performs well in high-speed winding. Analac 
has the excellent abrasion-resistance and 
other good mechanical properties of the 
enamel wire youre now using. 


See the Man from 


ANACONDA 


for ready-to-solder 
Analac 


magnet wire 


NEW CATALOG ON ANALAC 


Yours for the asking 
Mail coupon 


for 


your 


dip in solder 


joint is complete without stripping wire with Analac! 


Distinctive red color simplifies identification 
. is highly visible, helping operators turn 

out higher quality work. Color is stable dye 

used for identical applications for years. 


Available in exceptionally wide range of sizes. 


The Man from Anaconda can give you more 
information and help with a production run 
in your plant. See “Anaconda” in your phone 
book—in most principal cities—or write: 
Anaconda Wire & Cable Company, Magnet 
Wire Headquarters, Muskegon, ange. 


*Reg. U. S. Pat. Off. 


Anaconda Wire & Cable Company 
Magnet Wire Headquarters, 
Muskegon, Michigan. 


Please send me catalog C-95A on Analac ready- 


to-se'der magnet wire. 


i  66i bin weau gener bbaeeeseeekee cade 


DE eh Serb sdWanegs ees : 
ADDRESS...... 7 
CITY, ZONE, STATE 


copy 













SELENIUM 


SUB-MINIATURE SELENIUM DIODES 













Developed for use in limited space at ambi- 
ent temperatures ranging from —50°C to 
+100°C. Encapsulated to resist adverse 
environmental conditions. Output voltages 
from 20 to 160 volts; output currents of 100 
microamperes to 11 MA, Bulletin $D-18 





HIGH VOLTAGE CARTRIDGE RECTIFIERS 











Designed for hong life and reliability in Half- 
Wave, Voltage Doubler, Bridge, Center-Tap 
Circuits, and 3-Phase Circuit Types. Phenolic 
Cartridge and Hermetically Sealed types 
available. Operating temperature range: 
—65°C to +100°C. Specify Bulletin H-2 


TV AND RADIO RECTIFIERS 










The widest range in the industry! Designed 
for Radio, Television, TV booster, UHF con- 
verter and experimental applications. Input 
ratings from 25 to 156 volts AC and up. DC 
output current 50 to 1,200 MA. Write for 
application information, Bulletin ER-178-A 


INDUSTRIAL POWER RECTIFIERS 








For all DC power needs from microwatts 
to kilowatts, Features: long life; compact, 
light weight and low initial cost. Ratings: 
to 250 KW, 50 ma to 2,300 amperes and 
up. 6 volts to 30,000 volts and up. Efficiency 
to 87%. Power factor to 95%. Bulletin C-349 


















THE 












EXECUTIVE OFFICES: 


CAMBRIDGE, MASS 


WORLD’S LARGEST 
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international Rectifiers 


For all DC needs from microwatts to megawatts! 


GERMANIUM 


GERMANIUM DIODES 


Ng ‘f 
ad 
Fd ; > 


This series of general purpose, high quality 
point contact diodes provide excellent 
rectification efficiency for very high fre- 
quency applications. Special “RED DOT” 
series available for ambient temperatures 
from —55° C to +100° C. Bulletin SR-140. 


GERMANIUM RECTIFIER STACKS 


Extremely low reverse leakage values make 
this series ideal for magnetic amplifier 
applications. These units utilize 10 amp 
junctions—26 to 66 AC input volts rms— 
are available in a wide range of circuit types 
and DC current ratings. Bulletin SR-148. 


AIR-COOLED GERMANIUM JUNCTIONS 


Engineered for heavy power applications, 
these highly efficient forced air cooled units 
feature moisture and corrosion resistant 
housings. A complete series in each of 3 
current ratings: 150, 330 and 500 Amperes 
@ 26 to 66 volts rms. Request Bulletin GPR-2. 


LIQUID COOLED GERMANIUM JUNCTIONS 


ao ee) 


Liquid cooled for maximum power in mini- 
mum space. Junction rating: 670 amps at 
26 to 66 volts rms. Housed in high-conduc- 
tivity copper cast around special steel coils. 
Water, oil or other accepted coolants may 
be used. For complete data. Bulletin GPR-2. 


International Rec 
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17 DUNSTER ST. UNIVERSITY 4-6520 - IN CANADA: ATLAS RADIO 


SUPPLIER OF INDUSTRIAL 











EL SEGUNDO, 


NEW YORK: 132 E. 70TH ST., TRAFALGAR 9-3 


CALIFORNIA 


METALLIC 


SILICON 


SILICON POWER DIODES 


Hundreds of types in three basic styles, for 
operating temperatures from —55°C to 
+150°C. Up to 800ma DC output current 
per junction over a voltage range of 50 to 
1,000 PIV. Hermetically sealed. For com- 
plete information on all types. Bulletin SR-A. 


SILICON CARTRIDGE RECTIFIERS 


The answer to tough miniaturization 
problems! Ratings for high temperature 
applications: from 1000 volts PIV at 100ma 
half-wave DC output to 16,000 volts PIV 
at 45ma. Hermetically sealed, metallized 
ceramic housing. Request Bulletin SR-1398 


M POWER RECTIFIERS 


Specifically engineered for industrial appli- 
cations—the most conservatively rated sili- 
con rectifiers in the industry! Rugged all- 
welded construction and hermetic sealing 
mean greater reliability—longer life. Types 
available in 3 series. Request Bulletin SR-1438. 


SILICON RECTIFIER STACKS 


\ 


These units consist of hermetically sealed 
junction diodes mounted on copper cooling 
fins, stacked to include the interconnections 
required for specific circuits. Junction 
ratings: 1.25 amps. DC output; 70 to 350 
AC input volts rms. Request Bulletin SR-137A. 


tifier 


* PHONE OREGON 8-6281 


SAGO: 205 W. WACKER DR., FRANKLIN 2.3888 
SOLD AVE. W., TORONTO, ONTARIO, RU 1-6174 











RECTIFIERS 
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FOR ENGINEERS 
hee 4 iS 


fit, = 
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THEY CHOOSE 


Because engineers know they can depend on Janette to give \ 
the right speed at the right power in a wider variety of models 
with a larger choice of mounting positions, engineers make 
Janette their first choice. \ 
Since 1910, Janette has been designing longer lasting, easier \ 
to maintain gear motors and speed reducers. Whether the 
requirements are for horsepower from 1/150 to 72 or for one 
revolution every 5 hours to 450 R. P. M., Janette has the speed 
ais ae Nh atte reducer and gear motor to do the job. 
DISTRIBUTORS IN ALL 
PRINCIPAL CITIES... 


\ 


For additional information send for 


Janette bulletin 5-105, E2. 
anette ELECTRIC MANUFACTURING CO, 


MORTON GROVE, ILLINOIS 
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General Plate’s 


Stainless Clad Copper Combines 


Desirable Properties of Copper and Stainless 
To Offer New Advantages 









D 


STEEL 
-——_— COPPER 


When two or more metals are clad into sheet, desirable 
properties of each are combined to produce a material having new 
and useful characteristics not present in either metal separately. 


Thus General Plate’s Stainless Clad Copper offers the superior 
thermal and electrical conductivity of pure copper in combination with 
the high temperature corrosion resistance of stainless steel. 


















For example, in finned heat exchangers designed to work in gas 
temperatures up to 2600°F, the high thermal conductivity of the 
copper core in General Plate Stainless Clad Copper reduces fin tip 
temperatures by 20% to 30% compared to solid fin materials. 
There is a corresponding increase in fin efficiency, and at the 
same time the austenitic stainless steel cladding gives the 
fins substantially greater oxidation resistance, greatly 
increasing their life. 


























General Plate Stainless Clad Copper is available in widths 
up to 13” and thicknesses up to 46”, single or double 
clad, in long lengths. It can be blanked, drawn, 

spun, formed, brazed, and spot or seam welded. 



















Typical products made from 
General Plate Stainless Clad Copper 





Let us send you complete information M 
on General Plate Stainless Clad Copper ETA LS & CO NTR 0 LS 
... tt may be just what you have been 


looking for. Write today for General Plate Division 
Catalog Sheet 727C — no obligation. 
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1906 Forest Street, Attleboro, Mass. 


Franklin Motors Count on Built-in 


KLIXON PROTECTORS 


for positive protection 
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Leading motor manufacturers have long 
since recognized the value of built-in Klixon 
Protectors. They’ve told us of their satisfac- 
tion in many ways... 

Here’s how the Franklin Electric Company 
of Bluffton, Indiana, puts it: 

“No electric motor has any instinct for 
self-preservation ... unprotected it will op- 
erate under overload until it destroys itself. 
To prevent this happening in Franklin 
Motors, we specify and use Klixon Protec- 
tors.” 

They go on to add, ‘Dependable motor 
operation requires the positive protection 
afforded by a Klixon Protector that cuts off 
power when conditions arise that would 
otherwise result in certain damage and serv- 
ice shut down. 

“The motor shown here is only one of 


many engineered by Franklin for dependable 
powering of water systems. And, we feel that 
Klixon Protectors are a key factor in this 
dependability.”’ 

You, too, can get this dependability in the 
motors that keep your equipment operating 
. . . just specify and use Klixon Protected 
Motors ... the additional cost is low, pays 
for itself over and over. 


Now There's Something New. In addition to the famous 
Klixon Protector for single-phase motors, you can now get full 
protection engineered into 3-phase motors with a single, built- 
in Klixon Protector. For details, write for Bulletin MOPR1. 
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JIC Electrical Standards 


JUNE 1957 


ELSEWHERE in this issue, ELECTRICAL MANUu- 
FACTURING is printing in full the 1957 revision 
of the “JIC Electrical Standards for Industrial 
Machinery” as a service to both machinery 
manufacturers and machinery users. 

In a sense we have adopted an orphan. 
The parentage is not doubtful but it is 
complex and without precedent. The Joint 
Industry Conference is a peculiar body. It 
is not a trade association nor an engineering 
society. It is sponsored by neither categories 
though it has drawn in the “unofficial” 
representation of several associations in its 
deliberations. It has no charter, no officers. 
nor by-laws. It wants none. What are its 
antecedents? 

The Joint Industry Conference began in 
1944 as a five-man committee representing 
four big automobile manufacturers—General 
Motors, Ford, Chrysler and Packard. The 
original purpose was to set up uniform speci- 
fications for electrical equipment on pur- 
chased industrial machinery. Later the 
informal committee was expanded to include 
other machinery users and representatives of 
manufacturers of such machinery and of 
electrical components, and the title of “Con- 
ference” was adopted. The first JIC Electrical 
Standards for Industrial Equipment were 
issued in 1948 under the imprint of the 
major user groups. The present revision is 
the third since then. Publication has been 
invariably preceded by an open meeting, set 
up by the automotive group but attended 
by the Electrical Committee of the National 
Machine Tool Builders Association and un- 
official observers from NEMA and _ other 
machinery associations. 

JIC Electrical Standards have been inti- 
mately associated with the Machine Tool 
Electrical Standards developed and_ issued 
by the NMTBA over the years. In fact, JIC 
thinking originally appeared in 1945 in the 
Machine Tool Electrical Standards as added 
“Automotive Standards”. Since 1948 the two 
Standards have followed the same paragraph 
numbering systems. It is particularly signifi- 
cant that the 1957 JIC Electrical Standards 
have been renumbered in line with the 1956 
major recast of the NMTBA Standards. There 
is substantial agreement among the two- 
about 80 per cent duplication, the chief differ- 
ence being in added paragraphs in the JIC 


version, some relating to equipment other 
than machine tools. 


There has been criticism that at the JIC 
Conferences debate was often cut off and un- 
ilateral decisions reached by the automotive 
group, but in general most parties concerned 
were heard, often loudly, and the results do 
represent a consensus of opinion, though 
reluctant in some cases. As the years went 
by the proceedings have become less auto- 
cratic, and except for the element of time for 
mature study, have closely paralleled ASA 
procedures. 

The chief criticism directed at the JI¢ 
Standards today is that certain provisions 
are over-safe and must pay the penalty in 
added cost of construction. This observation 
stems from basic objectives of JIC Electrical 
Standards, namely safety to operating and 
maintenance personnel, uninterrupted pro- 
duction and as a corollary, long life of equip- 
ment and ease of maintenance. In circuit de- 
sign the aim is to anticipate every contingency 

“add another relay.”” Down time of produc- 
tion lines in automobile plants due to equip- 
ment failures is extremely costly; electrical 
failures should therefore be at infrequent in- 
tervals and when they do occur they should 
be readily located and quickly repaired. Inter- 
changeability of drive and control com- 
ponents is a must. The wiring and conduit 
systems must be oiltight. 

In the formative stages, JIC Electrical 
Standards were often ahead of available com- 
ponents, particularly for wiring systems. As 
a result there had to be a lot of improvisation 
until commercial components could be de- 
veloped for these stringent applications. Over 
the years, it is our belief that the quality of 
built-in electrical systems has vastly improved 
as a result of JIC, and much of what was con- 
troversial ten years ago is accepted as standard 
practice today. 

ELECTRICAL MANUFACTURING is presenting 
these revised 1957 JIC Electrical Standards to 
its readers because the Editors believe that in 
general they represent sound engineering 
practice. The machinery manufacturer can 
take them or leave them, he can post excep- 
tions. Adherence rests ultimately in specific 
agreement with individual customers. Despite 
the “shalls” there is no compulsion. 


Frank 9. Qk. ., 


Editor 
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Fig. 1—Most control systems can be divided into the three basic functional parts depicted for magnetic control systems. 


Another Approach to Static Control 


General Electric's new Static Switching Control for industrial equipment incorporates two sep- 
arate systems: (1) a single-function logic element system for controls of moderate complexity 
and (2) a multi-function logic system for highly complex applications. Here's the full story to 


date on design, construction, operation, packaging and application. 


Static Control Comes of Age 


Two YEARS AGO Westinghouse Electric Corporation an- 
nounced Cypak—the first packaged static control system 
for industrial equipment*. After a year of trial, the same 
company brought out a redesigned line called Cypak Mark 
Ii**. Within the past few months the General Electric 
Company has announced the two Static Switching Control 
systems described in the accompanying article. Several 
other control equipment manufacturers are reportedly de- 


*“Computer Techniques Extended 
Manvuracturinc, June 1955, page 124 
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***Progress in Numerica Programmir i Controls,”’ 
Manuracrurinc, June, 1956, page 
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veloping their own systems. And the AIEE now has a sub- 
committee working on standards for static control equip- 
ment. 

Static control has indeed come of age—and we of 
ELECTRICAL MANUFACTURING are proud of our small part 
in documenting its step-by-step development. Not that we 
have any brief for static control over relay control—or 
vice versa. Each has its own unique place; in areas where 
they overlap each will help promote improvement in the 
other. 

Rather we welcome static control’s coming of age as 
one of those rare plateaus in a fast-moving technology 
where you can take a brief look around to see how the 
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Fig. 2—Decision-making portion of any control system consists 
entirely of one or more of five basie logic functions. 


R. A. SITTS, Application Engineer 
Metalworking Machinery Engineering 
GeNeRAL Evectric Company, Schenectady 


STATIC SWITCHING CONTROL is General Electric’s name 
for control equipment and devices which utilize static 
magnetic and solid-state elements to accomplish those 


pieces have fallen together. The “pieces” in this case 
are the accomplishments of many unrelated groups of 
people—going back to the philosophers and mathemati- 
cians of the last century who developed the systems of 
symbolic logic on which static control is based. 

The “pieces” include the logic circuitry developed by 
electronic computer and telephone system designers, the 
saturable reactors used by process control people as far 
back as the early 30's and those perfected by the Ger- 
mans in World War II, the square loop magnetic core 
materials created by the metallurgist since the war. Other 
“pieces” include selenium, germanium and silicon semi- 
conductors—not to mention new encapsulation com- 
pounds and plug-in wiring techniques. 

The final “piece” (for the moment was supplied by 
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Fig. 3—Magnetic and transistor amplifiers can also perform 
the switching function of relays. 


control functions historically performed by contact-mak- 
ing devices such as relays and pilot devices. 


Why Static Switching Control? 


The trend toward greater automaticity of industrial 
equipment is increasing the demand for greater reliabil- 
ity and longer life in control devices. When machines are 
tied together into automatic process systems, for example, 


the role of every component in the associated control be- 
comes extremely important. In such a system the failure 


the engineers of Westinghouse, General Electric and 
others who pulled all the other pieces together and, in 
light of their long experience with electromagnetic relay 
control and intimate knowledge of its advantages and lim- 
itations, packaged Cypak and Static Switching Control 
into off-the-self building block logic elements. Before long 
these systems will probably be called conventional static 
control as still newer approaches to control are tried and 
proved. 

For our part, we of ELecrricaL MANUFACTURING will 
continue reporting in depth and interpreting the “pieces” 
—new materials, components, techniques etc—that will 
come together as elements of electrically operated ma- 
chines, equipment and appliances of the future 
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Fig. 4—(A) Basic circuit of single-function logic element is a 
magnetic amplifier utilizing (B) the square-loop characteristic 
of a Deltamax core. Switching characteristic of load current is 
a function of (C) control winding current, (D) bias current 


and (E) feedback. 


of a single control relay could shut down the entire 
precess, causing serious losses in time and money and 
possibly resulting in a hazardous situation. 

Significant progress has been made in the improvement 
of contact-making switching devices such as relays, push- 
buttons, and limit switches, commonly used in industrial 
magnetic control systems. Relays are now available that 
are capable of more than twenty million maintenance-free 
operations. For some industrial control systems such per- 
formance is entirely satisfactory, but for many others it 
is not. In general the potential life expectancy and re- 
liability of contact-type switching devices are lagging, 
and will continue to lag, industrial requirements. 

The factors that contribute to the failure of contact- 
making switching devices are wear, fatigue, adverse am- 
bient conditions, aging and quality deficiencies. Wear, 
fatigue and adverse ambient effects are problems primar- 
ily because of the mechanical action of contact-making 
devices. Replacing such devices with others having com- 
pletely static characteristics and encapsulated construc- 
tion should result in systems whose life and reliability 
are limited only by the universal factors of aging and 
quality deficiencies. For this reason considerable atten- 
tion is being given to the development of static switching 
devices—particularly for sequencing controls where digi- 
tal information is translated by decision-making or logic 
circuits into control commands. 

Conventional magnetic control systems generally fall 
into this category, and any such system can be broken 
down into the three basic functional parts shown in Fig. 1. 
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Input elements such as pushbuttons, limit 
switches, pressure switches, etc. 
Decision-making circuits, consisting of vars 
ous combinations of bi-stable elements such 
as relays, which receive signals from the input 
elements and make use of their designed-in 
intelligence to direct the operation of the 
third basic part of the system. 

3. Output elements such as contactors, which 
apply power to motors, solenoids, etc. in ac- 
cordance with the signals received from the 
decision-making circuits. 


Increased reliability and longer life are desirable in 
all three parts of such control, and they could be realized 
with the proper use of static devices throughout the en- 
tire system. The most widespread application of static 
switching to date has been in the decision-making por- 
tion of control systems, and the remainder of this dis- 
cussion will deal with this aspect of the art. 

Intelligence is designed into relay circuits by making 
use of various combinations of opened and closed inter- 
locks. It can be shown that any such circuitry can be 
broken down into no more than five combinations of inter- 
locks which represent the five basic logic functions shown 
in Fig. 2. These functions (AND, OR, NOT, MEMORY. 
TIME DELAY) were first noted by the designers of 
digital computing systems and have been employed for 
many 

A basic assignment facing would-be designers of stati: 
control systems has been one of packaging. Although 
static switching techniques have been known and used 
for years—papers on the art of static switching were 
written as early as 1932, and we know of at least one 
magnetic static switching system which was _ installed 
over twenty-three years ago and which, incidentally, is 
still operating—for the most part such systems have been 
one-of-a-kind. Widespread application of static devices 
to machinery control has here-to-fore been inhibited by 
a lack of the “building-block” versatility of conventional 
magnetic control devices. Similar versatility for static 
control devices has only recently been achieved through 
the design of coordinated logic elements to perform the 
basic logic functions—AND, OR, NOT, MEMORY and 
TIME DELAY. 

At General Electric, out of several possible approaches 
to the design of the logic elements, transistors and mag- 
netic amplifiers were given the most serious consideration. 
Each of these components is static, and each can be em- 
ployed to duplicate the bi-stable characteristic of a relay, 
as shown in Fig. 3. Both showed great promise, but the 
decision was made to begin by pursuing the magnetic 
amplifier approach, keeping transistors close at hand for 
future work. 

Two different static switching systems have evolved 
and both will be discussed. First is the single-function 
logic element system, analogous to general purpose con- 
trols, designed for systems of moderate complexity. As 
the name implies, such control systems are designed and 
built using standard logic elements each of which per- 
forms one of the five basic logic functions. Second is the 
multi-function logic element system designed for highly 
complex control systems. It features a multi-function logic 
element that can be connected to perform any one of 
14 different combinations of logic functions. 


vears. 
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Single-Function Logic 
Element System 


The operation of the single-function 
logic element is based on the prin- 
ciple of the self-saturating magnetic 
amplifier. The basic circuit for such 
a logic element is shown in Fig. 4A. 
All the windings are located on a 
Deltamax magnetic core, which has 
the familiar square-loop magnetiza- 
tion characteristic shown in Fig. 4B. 
Pulsed power is applied to the gate 
circuit, and d-c power is applied to 
the bias and control windings. 

Figure 4C shows the basic charac- 
teristic of load current vs control cur- 
rent with no bias current flowing and 
the feedback winding shorted out. 
With no control current flowing, the 
gate voltage drives the core to satura- 
tion, reducing the impedance of the 
gate circuit to cause an output. 

Each pulse from the power supply 
charges the capacitor and also causes 
load current to flow. After the pulse 
the capacitor discharges through the 
load, because of the blocking rectifier, 
and the load sees a saw-toothed d-c 
current, as shown in Fig. 4A. As posi- 
tive or negative control current is 
caused to flow, the load current varies 
as shown in Fig. 4C. 

With no bias current flowing, near- 
ly maximum load current flows with 
no control signal present, or in other 
words, the unit is turned on when 
there is no control signal. By apply- 
ing negative bias, the condition 
shown in Fig. 4D is brought about. 
With no control current flowing the 
unit is turned off; a positive control 
signal is required to turn it on. 

However the snap action desirable 
in a switching element is lacking in 
Figs. 4C and 4D. But it can be pro- 
vided by adding positive feedback to 
the circuit, the effects of which are 
shown in Fig. 4E. The addition of 
negative bias to these characteristics 
would simply shift the vertical axis 
to the left as shown in Fig. 4D. 

Positive feedback is effected by 
providing additional turns on the 
core in series with the load, as shown 
in Fig. 4A, to help saturate the core 
as soon as load current begins to flow. 
This load current tends to cause core 
saturation, which tends to increase 
load current, etc. The characteristic 
resulting from large positive feedback 
is of particular interest, because it is 
nearly identical to the conventional 
relay characteristic of Fig. 3A. 


Variations of this basic circuit 
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Fig. 5—Three-input OR element. 
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Fig. 6—MEMORY element. 
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Fig. 7—Tweo-input AND element. 
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Fig. 8—NOT element. 
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Fig. 9—Logic element power supply for up to 12 single 
function elements. 


were used in the design of the basic elements making up 
the single-function logic element system. 

OR Element. The OR logic function requires that the 
logic element produce an output with any of its inputs 
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Fig. 10—Output amplifier. 
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Fig. 1I—(A) Control characteristics and (B) output voltage 


regulators for typical 75-va output amplifier. 
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present. The diagram of this element is shown in Fig. 
5. It has three control windings, A, B, and C, and a bias 
winding that tends to shut it off, as the characteristic 
shows. With the element biased off, a signal on any or 
all of the control windings is sufficient to saturate the 
core so that load current flows. 

MEMORY Element. The MEMORY element is 
slightly modified 2-input OR element, as shown in Fig. 
but with the control windings opposing. In addition 
employs strong positive feedback to widen the loop. 

Assume that negative bias is applied, the element is 
off, and neither control winding is energized. This places 
the operating point at 0 on the characteristic. If a signal 
is then applied to control winding A the operating point 
is moved to J, and the element is turned on. Power can 
then be removed from control A, and the element will 
remain on at point 2. Thus once the element is turned 
on it will stay on, whether the ON signal is present or not. 

Now assume that at point 2 a signal is applied to con- 
trol winding B. Point 3 becomes the operating point, and 
the element is turned off. Removing power from control 
B moves the operating point to point 0, which is still off. 

If power were to fail, the core of the element would 
retain its state of saturation. Upon resumption of power, 
the element will continue to operate exactly as it had been 
operating before the power failure. 

AND Element. A two-input AND element is shown in 
Fig. 7. Note that while the logic elements previously de- 
scribed have only one core, this one has two. Each con- 
trol winding is located on a separate core; however the 
gate, bias, and feedback windings are common to both 
cores. Since the sum of two signals is used to control this 
element, tolerances in the signals must be considered. By 
placing each control winding on a separate core these 
tolerances, caused by such things as variations in OFF 
and ON current levels, are not troublesome. 

As can be seen from the characteristic, the element is 
biased to a point where signals are required on both con- 
trol windings to turn it on. 

NOT Element. Figure 8 shows the diagram of the 
2-input NOT element. As with the AND element, a sepa- 
rate core is provided for each control winding with com- 
mon gate and feedback windings. But there is no bias 
winding, so without a control signal the element is turned 
full on.* This, of course, is the requirement of the NOT 
function. The internal connections of control coils A and 
B are opposite those of the previous OR element, and a 
signal on A or B will turn the element off. Actually this 
element combines both OR and NOT functions. 

TIME DELAY Element. Time delay is provided by 
magnetic RL circuits, adjustable by means of an external 
lockable potentiometer. Contemplated are three ranges of 
time-delay pickup between 0.1 and 20.0 sec with reset 
or dropout time approximately 30 per cent of operating 
time. 

Logic Element Power Supply. The purpose of the 
power supply is to provide a tailor-made source of power 
for the logic elements. This includes d-c power for signals 
to the control windings, bias power and gate power. 

Control power is the output of a full-wave rectifier, 
Fig. 9. A typical control circuit consists of a pilot device, 
such as a pushbutton, in series with a voltage-dropping 
resistor and the control winding of a logic element; such 


*Because the bias windings for all elements are in series 


, & jumper, not shown 
in Fig. 8, is provided in lieu of a bias winding to 


maintain circuit continuity. 
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a circuit is connected directly across 
the control power output of the power 
supply. Full control voltage, about 
125 volts d-c, is available for break- 
ing down any contact resistance in 
the pilot device when it is actuated, 
and the dropping resistor limits the 
control winding current to about 7 
ma d-c. If the pilot device were re- 
quired to apply a signal to two or 
more logic elements, the control wind- 
ings of all the elements involved 
would be connected in series in the 
circuit. 

As Fig. 9 shows, the power supply 
provides a pulse type voltage for the 
gate circuits of the logic elements. 
The sinusoidal characteristic of the 
input voltage wave-shape is changed 
by the saturable reactor and the 
saturable transformer to give the gate 
voltage pulses shown. Full-wave rec- 
tification of the output voltage pulses 
produces a frequency doubling effect. 
so the frequency of the gate pulses is 
120 pulses per sec. This higher fre- 
quency makes it possible to design 
smaller logic elements having faster 
response than those in a similar 60- 
cps system. 

Bias power is taken from the out- 
put of a full-wave rectifier. The bias 
windings of all the logic elements in 
the circuit are connected in series across the bias 
output. Although not shown in the diagram, a potenti- 
ometer is provided to adjust bias current flow ac- 
cording to the number of bias windings in series. Because 
the bias winding resistance is fairly small, several logic 
elements can be added to or subtracted from the string 
without readjusting the potentiometer. 

Figure 9 shows that the input current to the bias power 
rectifier is also the primary current of the gate power 
transformer. Therefore. if for any reason bias power is 
lost, gate power normally will be removed automatically. 
and all the logic units will be turned off. Hence maxi- 
mum bias loss protection is provided by static means. 
Without bias-loss protection, loss of bias power in a logic 
element would tend to turn the element full on. For the 
same reason, in starting up, bias power must be turned 
on before gate power is applied. So a relay (R) in series 
with the bias circuit delays application of gate power until 
sufficient bias current is flowing. This delay, however, is 
not desirable for the MEMORY element so a separate 
gate power lead without interlock is provided. 

Some simple filtering is required in the bias and con- 
trol power supply circuitry, but was omitted from Fig. 9 
for simplicity. 

Output Amplifier. Since the output power level of 
the logic units is only a fraction of a watt (sufficient, 
however, for the output of one element to serve as an 
input to 9 or 10 other elements) power amplifiers are 
employed in the final stages of the system to operate 
motor contactors, solenoid valves or other output devices. 
Because of its reliability the magnetic amplifier is a 
logical choice for this job, Fig. 10. This element has the 
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12—Partially-assembled single-function element “package”. 


basic characteristics of a standard magnetic amplifie: 
doubler circuit with the exception that the auxiliary recti- 
fiers block circulating currents to reduce the turn-off 
time below that of the standard doubler circuit. The am- 
plifier shown is as fast in turning off as it is in turning 
on. Control and regulation characteristics are shown in 
Fig. 11. 

Mechanical Constuction. The logic elements are 
potted in a soft, foam type urethane compound which elim- 
inates distortion of the magnetic cores during potting and 
offers good protection against mechanical shock. vibra- 
tion and corrosive atmospheres. For further protection 
they are potted in an aluminum can secured to a molded 
plug base, Fig. 12. All of the elements have the same 
physical shape and external appearance. They are ap- 
proximately 11% in. wide, 444 in. high and 2 in. deep. 
Each element is provided with a large nameplate. (see 
photo in “Case History”) color coded by function for 
ease of identification, i.e. the OR nameplate is brown. 
the NOT nameplate red, etc. 

Each element is provided with a type NE51 neon mon- 
itor light 
of a control transformer and a load resistor across the 
output of the logic element—which lights to indicate 
when the element is turned on. One small control trans- 
former is usually sufficient for all the pilot lights on a 
panel. Sockets can be conveniently clipped onto the side 


connected in series with the 32-volt secondary 


of the element, or the socket can be mounted remotely if 
so desired. These lamps help not only in trouble shooting, 
but also in a process system, for example, to indicate the 
state of the process. 

All the logic elements are of the plug-in type; the base 


105 





One of the initial applications of General Electric’s 
single-function logic element Static Switching Con- 
trol was to the transfer mechanism of an automatic 
zinc plating machine that was formerly relay con- 
trolled. Following are the machine cycle and 
operating sequence taken from the design specifi- 
cations of the original relay-controlled machine. 


Machine Cycle. The normal position of the machine 
at the end of the day is with the rack down and 
the transfer bar back. From this position the fol 
lowing machine cycle can be initiated. 

1. Dwell period. 

2. Transfer bar moves out. 

3. At end of transfer, rack starts up (transfer 
arm retracts while rack moves up.) 

4. When rack reaches top of its travel, transfer 
bar again moves out. 

5. At end of transfer rack starts down (transfer 
arm retracts while rack moves down.) 

6. When rack reaches bottom of its travel, dwell 
period is initiated to begin new cycle. 


Operating Sequence. 


1. Dwell period. 

2. Solenoid on transfer pilot is energized, per- 
mitting transfer cylinder to extend and trip limit 
switch at end of stroke. 

3. This limit switch energizes solenoid on lift 
pilot and machine rises. 

4. A cam on the machine frame releases pres- 


Table 1—Pilot Device Functions 


“‘Transfer” limit 


Maintained type (one open, one 
switch (LS3): 


closed circuit.) 

Tripped at end of out stroke of trans- 
fer arm. Reactuated at end of retract 
stroke. 


“‘Down Stop” limit Momentary type (one open, one 
switch (LS1): | closed circuit.) 
| Action of contacts shown on machine 
sketch. Tripped on “down” stroke of 
| rack, Returns to position when rack 
| rises, 





Same as down stop limit, except oper- 
ates on “up” stroke of rack. Returns 
to position when rack lowers. 


“Up Stop” limit 
switch (LS2): 


Case History: Conversion of Magnetic to Static Switching Control for 
an Automatic Zinc Plating Machine 


“Up Stop” limit switch 
x 
LS2 


Dogs mounted 
on transfer bar 


Transfer bor 
‘Down Stop” 


limit switch . ‘ 
LSI ‘Transfer" limit 


switch LS3 

maintained contact 
MACHINE SCHEMATIC DIAGRAM. Rack and trans 
fer bar move up and down on rack slide. Transfer 
bar moves right and left on rack. Rack is continuous 
ellipse—30 ft major diam, 8 ft miner diam—sup 
ported on several rack slides. Work pieces move up 
and down with rack. Transfer bar moves out to index 
work pieces to next station; a transfer at top of rack 
slide moves work over the tops of the tanks. Pro- 
gramming is mechanical. 


Bock <——>-Out 


sure on the trip of the 4way mechanical valve 
mounted on the chassis. The oil through the 4-way 
valve returns the transfer cylinder while machine 
is lifting and trips a limit switch which cuts out 
the transfer pilot. This transfer is completed before 
machine reaches top. 

5. When the chassis reaches its highest position, 
it trips a limit switch which energizes the transfer 
pilot and cuts out the lift pilot, thus locking chassis 
in up position. 

6. A cam on the machine frame at the top lift 
position forces inward the trip of the 4-way valve, 
and the oil flow permits the transfer cylinder to 
extend out and trip a limit switch. 

7. This switch energizes the solenoid on the down 
pilot and the chassis descends. 

8. The cam relieves pressure of the trip on the 
1-way valve, and the transfer cylinder returns to 
normal. A safety limit is placed in position so that 
it must be tripped by the transfer before the 
machine reaches bottom. This limit cuts out the 
transfer pilot, and if not tripped, the machine will 
stop. 

9. The down cylinder trips a limit at bottom and 
recycles the timer. 


has a full-width, raised, center section designed to orient 
the elements in their receptacles. Eight numbered, screw- 
tvpe terminals are provided on each receptacle for con- 
trol and output connections to its logic element, and four 
terminals on the bottom of each base receptacle connect 
it to a printed circuit strip which provides the gate and 
bias connections common to all logic elements. The base 
receptacles are fastened to mounting rails. 

Receptacles, mounting rails, and printed circuit strip 
make up a subassembly which is mounted on a control 
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panel. Retaining strips and cover strips are provided 
which lock the logic units in place and also form an en- 
closed wire trough. Figure 12 illustrates this mounting 
arrangement. With this system it is possible to wire a 
control panel completely with all logic elements un- 
plugged for safe keeping. 

The logic element power supply is packaged in a metal 
enclosure 744 in. wide, 914 in. high and 434 in. deep. 
For ease of replacement the enclosure is secured to the 
panel with three screws, and all electrical connections 
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MAGNETIC CONTROL ELEMENTARY DIAGRAM 


Table ll—Solenoid Functions 


“Up” 


1. Energized at end of ‘‘down” transfer. 
solenoid: 


2. Remains energized after completion of 
“up” stroke. 

3. De-energized at end of ‘“‘up” transfer. 
“Down” . Energized at end of “up”’ transfer. 
solenoid: . Remains energized after completion of 

stroke. 
. De-energized at end of “down” transfer. 
“Transfer” 


. Energized at top of rack stroke. 
solenoid: 


De-energized at end of transfer retract 
stroke. 


1 
2. 
3. Energized at end of dwell time. 
4. De-energized at end of transfer retract 
stroke, 
Note: Valve actuated mechanically by trans- 
| fer arm for retract stroke. Transfer arm must 
retract before up or down strokes completed. 





1. Energized at start of rack “‘up” stroke. 


“Spray” 
| 2. De-energized at top of stroke. 


solenoid: 


: 
Ba Tronsfe 
+p : 

| TIME DELAY 
ttt} — an -4 9 p> 
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i MEMORY sO 
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>No —_ PA 
: Down 
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STATIC CONTROL ELEMENTARY DIAGRAM 


STATIC SWITCHING CONTROL PANEL 


Static Control Design Procedure. Re-design was not 
accomplished by converting directly from relay to 
static control. Instead the operating sequence was 
first rewritten in terms of pilot-device functions and 
solenoid functions as shown in Tables I and II. 
Then each solenoid function was taken separately 


of AND, OR, NOT, TIME DELAY AND MEM- 
ORY, and a separate circuit designed for each 
function. Finally the four separate functional cir- 
cuits were combined to form the final circuit 
illustrated. The circuit is shown for rack in the 
down position with LS3 set to operate before LS] 


and broken down into the five basic logic functions 


to the power supply are of the plug-in type. 

Typical Control Circuit. It is quite easy to get the 
impression that static switching is a complex, mysterious 
subject for which a thorough knowledge of such things 
as computer techniques and Boolean algebra is a pre- 
requisite. Actually this impression is entirely wrong. True. 
Boolean algebra is a useful tool, but once the subject of 
static control is stripped down to its bare essentials, ap- 
plying static switching elements is little different than 
applying relays. As a matter of fact, it has been found 
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or LS2 as the case may be. 


that when the correct approach is used it is easier to de- 
sign an elementary diagram for a static control system 
than for a corresponding conventional control system. 
because the logic involved in designing the static control 
elementary is the more basic. 

Before attempting to design a static control circuit, 
the designer must know the required control functions, 
and should have an intimate knowledge of the machine 
being controlled, and of the operational sequences to be 
provided. This is, of course, always necessary when a 
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Amplifier 


Fig. 13—(A) Relay and (B) static control dia- 
grams for the same hypothetical control application. 


completely new circuit of any type is to be designed. 
However, at this time many of us are attempting to trans- 
late existing relay elementary diagrams directly into static 
elementaries, and this is a mistake. The existing diagrams 
should first be expressed in terms of the control func- 
tions involved; static elementaries can then be easily 
worked up from these functions. 

Consider the following simple, hypothetical, functional 
requirements: 


The solenoid (Sol 1) shall be energized if the START push 
button is depressed AND limit switch LSI is not actuated 
AND limit switch LS2 OR limit switch LS3 is actuated. Once 
Sol 1 has been energized, it shall remain energized until LS/ 
is actuated or until power is lost, in which case undervoltage 
protection shall be provided. 


Relay elementary diagram shown in Fig. 13A satisfies 
these requirements. The corresponding static control ele- 
mentary is shown in Fig. 13B. 


Multi-Function Logic Element System 


So far this discussion has dealt with what might be 
termed a classical approach to static switching, using a 
separate element for each logic function. The multi-func- 
tion logic element system goes one step further. In this 
system a single logic element is capable of providing 
combination logic functions normally provided by several 
interconnected single-function elements. 

Multi-Function Element. The basic circuit of a 
multi-function logic element is shown in Fig. 14A. This 
element is essentially a full-wave magnetic amplifier. All 
the windings are located on a torrodial Deltamax mag- 
netic core. Sinusoidal a-c power is supplied to the gate 
circuits from a center-tapped transformer, and d-c power 
is applied to the bias and control windings. 

Fig. 14B shows the output-voltage vs control current 
characteristic for the basic multi-function element with 
no bias current flowing. Note that units of control or 
bias input are shown along the horizontal axis of the 
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curve. The system has been designed so that the signal 
applied to any of the control or bias terminals amounts 
to one unit of input. Control signals on terminals C, D, 
and E and inputs to the bias windings of an element tend 
to turn it off. ON signals are applied to control terminals 
A and B. 

If ON signals are called positive and OFF signals are 
considered negative, units of input can be added alge- 
braically to determine the operating point on the char- 
acteristic. For example, with no input to the bias or 
control windings, point a of Fig. 14B is the operating 
point. One unit of bias input shifts the operating point 
to b. With one unit of bias input and control signals on 
terminals A and B there is —1 +] +1 = 
signal, and the operating point is now c. 

By similar methods a single multi-function logic ele- 
ment can provide the 14 combinations of logic functions 
shown in Fig. 15. At A the multi-function element is 
shown as a two-input AND unit. The AND function is 
provided when two units of negative bias are applied and 
control signals are supplied to terminals A and B. Under 
these conditions, when no control signals are present, 
the element is biased off. A signal to only one of the 
control terminals isn’t sufficient to cause an output. Sig- 
nals to both terminals A and B, however, will overcome 
the effects of the negative bias and turn the element on. 

The two-input OR circuit shown at B in Fig. 15 em- 
ploys one unit of negative bias with control signals to 
terminals A and B. With no control signals present, the 
operating point on the characteristic curve is point b, 
Fig. 14B. A control signal on either terminal A or ter- 
minal B (or both) will turn the element on, and this 
satisfies the requirements of the OR function. 

The multi-function element can be used as a NOT ele- 
ment, Fig. 15C, by applying no input to the bias winding 
and using terminal C as the control point. With no con- 
trol signal the element is turned on, and a signal applied 
to terminal C will turn it off. 

Only single logic functions have been discussed here 
so far. However, a single multi-function element can be 
used to supply any one of many combinations of several 
logic functions. Consider Fig. 15D, for example. This 
logic diagram requires that there be an output only if 
signal A is present and signal C is not present. Likewise 
in Fig. 15E there will be an output only if signal A is 
present and signals C and D are not present. To accom- 
plish this, one unit of negative bias is used, and control 
signals are placed on terminals A, C and D as shown. 
With no control signals present, the element is biased off 
at point b, Fig. 14B. A signal on terminal A will move 
the operating point to a unless there is a signal on ter- 
minal C or terminal D (or both). With control signals on 
terminals A and C for example, the total units of input 
(bias) +1 (A) —1 (C) = —1 and the operating 
point is b. 


+] unit of 


Similarly all the combinations of logic functions shown 
in Fig. 15 can be provided with the single unit. 

The obvious advantage of the multi-function logic ele- 
ment is its flexibility and versatility. It was designed with 
the requirements of large, complex control systems in 
mind. Investigation showed that many of the combina- 
tions of functions shown in Fig. 15 are likely to arise 
in control circuits for large systems; in such cases a 
single multi-function element can be used in place of 
up to five single-function elements on a control panel. 
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To provide still turther circuit combinations, a similar 
multi-function block has been designed with three posi- 
tive (or ON) and two negative (or OFF) terminals. 
Circuit is identical to Fig. 14A except that input C is 
connected to the ON winding. Also, to facilitate use as 
a shift resistor, an input at C corresponds to 2.2 units 
of signal. 

Other Elements. In addition to multi-function ele- 
ment itself a complete line of accessory components was 
considered necessary to meet the special requirements of 
individual systems, including the following static devices: 

Capacitor-type time-delay element shown in Fig. 16 uses 
strong positive feedlock to provide a wide-loop character- 
istic, Fig. 16A, with different pickup and dropout values. 
Timing is controlled by external resistor and capacitor 
connected across the input terminals. Unit can be used 
tor pickup or dropout. For time-delay dropout (i.e. unit 
turns ON when signal is applied and then turns OFF after 
a specified time interval) the input circuit is connected 
or shown in Fig. 16B. Dropout time is proportional to 
capacitance value and can be vernier-adjusted by chang- 
ing the bias or coarse-adjusted through an external vari- 
able resistance connected between D and the —20 volt 
d-c bus. For time-delay pickup (i.e. unit turns ON after 
input signal has been applied for a specified time in- 
terval) the connections of Fig. 16C 
are used. As before pickup time is 
a function of the external capacitance 
value but can be varied by bias ad- 


+6 volts d-c 


-20 volts d-c 


° +1 +2 
Units of control or bias signal 


Fig. 14—(A) Basic multi-function logic 
element and (B) control characteristic. 





justment or with an external resistor 
from D to the —20 volt bus. Dropout 
or reset time upon removal of signal 
is about 0.4 sec for a pickup time of 
2 sec. Another use of terminal D is 
to provide “instantaneous” operation 
from a signal at D while time delay 





from another signal on A or B. 

A magnetic timing element has also 
been designed, Fig. 17, for time de- 
lay pickup only—but with a “time 
memory” characteristic that, in the 
event of a-c power failure, will con- 
tinue timing from the interrupted 





point when power is reapplied. Pick- 
up time is controlled by an external 
resistance across terminals C and D 
and varies inversely with the resist- 
ance valve—for example a 50-ohm 
resistance will give 0.l-sec time de- 
lay; a 10-ohm resistor, 0.25-sec delay; 











and a short circuit, 0.04-sec delay. 
Dropout time delay is roughly one 
half the pickup time delay. 

To serve the function of a relay 
interlock for operating, regulating or 
other circuits not connected to the 





logic power supply, a transistor iso- 
lation switch, Fig. 18, has been in- 
cluded in the multi-function system. 
Unit is rated at 40 ma and 50 volts. 
With 50 volts applied in the forward 
direction and transistor shut off, less 
than 10 microamp leakage flows 











through the transistor. To block re- 
verse voltage, both silicon and ger- 
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Fig. 15—Fourteen logic combinations possible with the cireuit of Fig. 14. 





+6 volts d-c 


-20 volts d-c 


Control signal 


A 


Fig. 16—Capacitor time-delay element; (A) control characteristic, (B) input circuit for time-delay dropout, (C) input circuit 


for time-delay pickup. 


+6volts da 





-20 volts d-c 


Fig. 17—Magnetic timing unit with “time memory” to continue 
timing after restoration of power failure. 


Fig. 18—Transistor isolation switch for interlocking circuits 
external to the logic system. 


Fig. 19—(A) Isolated input unit 
to receive signals from external 
circuits; (B) isolated input unit 
functioning as a voltage relay. 


+6 volts d-c 


Operates ot 30v O volts d-c 


manium rectifiers are included for optional use. The sili- 
con rectifier has a low forward drop but reverse leakage 
may be too high for some applications. Consequently the 
germanium rectifier is provided for use where reverse leak- 
age must be minimum; however it has a higher forward 
voltage drop than the silicon diode. Transformer is in- 
sulated for 2500 volts and output terminals have extra 
long creepage paths so switch can be used in 750-volt 
circuits. 

To provide input signals from other busses that can 
not be tied to the static switching power supply, an 
isolated input unit, Fig. 19, is included in the line. A 
voltage-relay type of signal from an armature circuit is 
a typical example, Fig. 19B. Input winding AB can be 
used for bias, winding CD can be used for positive feed- 
back by connecting D to common and C through a re- 
sistor to the output terminal. Pickup and dropout can be 
adjusted by varying the external input resistance circuit 
values; 4 ma through winding JHG will turn unit on. 
Winding JHG is insulated for 750 volts. 

To provide high speed of response, rectifier OR and 
AND elements are also included in the multi-function 
system, Fig. 20. Because of their non-reactive nature. 
these elements operate much faster than their magnetic 
counterparts. However, their output power is derived 
from their input signal; consequently these rectifier units 
can not serve as inputs to as many output units as can 
their magnetic counterparts. The OR unit is generally 
used to perform the function of normally open interlocks 
in parallel and the AND unit for normally open interlocks 
in series. 

Mechanical Construction. The multi-function logic 
elements are also potted in urethane compound. Each ele- 
ment is color coded by function for ease of identification, 
and each has a monitor light which provides a visible on- 
off indication. All of the elements have the same general 
appearance as the one shown in Fig. 21. They are about 
2 in. wide, 3 in. high and 31% in. deep. 

A modified plug-in type construction is employed; con- 
nections common to all elements are made by plugging 
the elements into bus-ways on the control panel and con- 
trol connections are made between stab-on type terminals 
located on top of the logic elements. The bias setting on 
each element is made by means of a jumper connection 
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between stab-on terminals on the bottom of the element. 
The logic elements are held firmly in place by means of a 
spring-loaded clamping arrangement. An enclosed wire 
trough is provided between rows of logic elements. 

A typical, system-type control panel employing multi- 
function static switching elements is shown in Fig. 22. 
This controller is the heart of a complex material han- 
dling system. On this application it was found that the 
versatility of the multi-function logic elements greatly 
simplified the control design problem and effected a sav- 
ing in the number of logic elements required. 



































When or Where Static Control? 


There is no simple answer to this question, for several 
reasons. In the first place, there are many areas of ap- 
plication in which the performance of conventional, relay- 
type industrial control systems is very acceptable. In such 
cases the question of whether or not to go to static con- 
trol is basically one of economics. At this time it appears 
that static control systems are, in most cases, somewhat 
more expensive than the corresponding conventional con- 
trol systems. The relative difference in cost varies from 
system to system. In general this cost difference is a func- 
tion of the ratio of output elements to input elements of 
the system; the greater this ratio is, the greater the 
cost difference is, because each output of a static control 
system requires an output amplifier. Where the number 
of inputs greatly exceeds the number of outputs. the 
cost factor favors static control. 

There are other areas, however, in which it appears 
that the use of static switching control is desirable and 
justified despite higher first cost. For example: 

































On applications such as transfer machines where 
millions of operations are accumulated in a short 
period of time, conventional devices quickly exceed 
their maintenance-free life. Static controls, how- 
ever, have indefinite life in terms of number of 
opaiesionti 






2. On process type applications, such as paper-making- 
machines and strip mills, unscheduled down-time is 
costly. As far as the control is concerned. down- 
time can be minimized with static switching systems. 

3. On punch presses, and many other machines, safety 
is of paramount importance, and a dependable fail- 
safe control system is a must. Static controls pro- 
vide optimum dependability. 

4. Where moist, corrosive or electrically-conductive 
atmospheres must be contended with, considerable 
expense is often incurred in providing a source of 
clean air for a conventional controller and making 
the control enclosure suitable for retaining positive 
pressures. Encapsulated static components are un- 
affected by such atmospheric conditions. 

On highly complex control systems where mainte- 

nance problems can be formidable. The simplified 

circuitry and plug-in construction of static control 
systems make them especially applicable. 

6. Also in designing complex control systems. Because 

of the logical nature of static controls and their 

self-isolating characteristics (no sneak circuits). 

static switching systems can be designed—after a 

little experience—with substantial savings in en- 

gineering manhours over that required to design 
conventional’ control circuits. occ 
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Fig. 20—(A) Rectifier OR element, (B) rectifier AND element 


Fig. 21—Typical multi-function static control elements. 


Fig. 22—Multi-function-element static 
materials handling system. 
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Packaging 
Considerations 
With Semiconductors 


Miniaturization of electronic subassem- 
blies has been greatly aided by progress 
in the development and application of 
transistors and other semiconductor com- 
ponents, paralleled by similar advances in 
printed circuit and embedded circuit tech- 
niques. Practical solutions to problems 
arising in these general areas are given, 


based on computer design experience. 


BECAUSE OF THEIR SMALL SIZE and low power require- 
ments solid state devices lend themselves naturally to 
equipment miniaturization. But in considering semicon- 
ductor devices and their circuit applications, the methods 
used in building these devices into circuits, and in build- 
ing circuits into finished equipment, are of major im- 


112 


Fig. 1—Small semiconductor components solder con- 
nected to printed circuit board through own leads. 


portance. Packaging of semiconductor circuits is not with- 
out its special problems, however, and in discussing such 
things as circuit embedment, printed circuits, high-fre- 
quency packaging, and economics, this article will point 
out some of the problem areas as well as problem solu- 
tions. 

The philosophy of packaging design will vary with the 
end use of the particular product and the governing re- 
quirements. Design considerations for airborne equipment 
for example are: reliability, light weight, small size, 
ability to withstand environmental extremes, and cost. 
Reliability stands high on the list in all cases, particu- 
larly for rocket gear, where one-way pilotless flights are 
the rule. When designing for non-airborne military com- 
puters, emphasis is again placed on reliability since fail- 
ure at a critical moment could be disastrous. These 
computers are also likely to be used under stringent en- 
vironmental conditions. 

Commercial requirements for electronic packaging fall 
in approximately the same classes as those previously 
described, but here reasonable reliability is expected at 
reasonable cost. With reliable components and circuits, 
service time per unit is diminished. With good packaging 
design, in addition, this service time per unit can be 
further decreased. Semiconductors help solve the prob- 
lems. 
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Fig. 2—Breakage of components resulting from 
tightly stretched leads and flexing of board. 


Printed Wiring Component Attachment Problems 

Printed wiring techniques are advantageous in pack- 
aging semiconductor circuitry. By using printed wiring 
and dip soldering, the amount of component destruction 
is decreased. The wiring board acts as a thermal insu- 
lator for the heat-sensitive semiconductors placed on the 
top side. 

If a double-side printed wiring board is used, a solder 
connection can also be made on the top side while the 
board is floated on the bottom side in the solder. This is 
accomplished by capillary action when the holes are 
metal-lined by electroplating, 


eyeleting or bushing. 


Plated-through holes are preferred in any apparatus that 
must undergo radical changes in temperature and humid- 
ity, in order to insure contact reliability. In dip soldering, 
uniformity of joints is achieved because the temperature 
of the solder can be maintained within a fairly close tol- 
erance and the length of time the board is kept in contact 
with the molten solder does not change appreciably from 


board to board. This is advantageous also in that the 
length of the semiconductor lead necessary to insure no 
damage to the component by heat conduction can be 
controlled. 

Another reason for the use of printed wiring in semi- 
conductor circuits is that uniformity of the circuit pat- 
tern is obtained. In attempting to increase the operating 
speed of computer circuits, stray capacitance becomes 
more and more troublesome. With printed wiring, capac- 
itance effects are uniform. 

Certain precautions must be taken when mounting 
semiconductors or any component of the radial or axial- 
lead type on a printed wiring board. In order to insure 
a good solder connection, it is necessary to fix the com- 
ponent to the board mechanically before dip soldering. 
If the component is not secured to the board, it may 
wobble upon removal from the solder pot when the solder 
is in the critical plastic state and produce a cold solder 
joint. 

One method of securing the semiconductor to the 
board is by using the component lead itself. This method 
is used when the component body is in contact with the 
board. The leads are placed through holes in the board 
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Fig. 3—Component leads preformed to prevent un- 
due strain on components due to flexing of board. 


and are crimped over like a paper staple. An example 
of this type of mounting is shown in Fig. 1 which also 
shows a very serious and common mistake. The leads 
are stretched tight between the component body and the 
solder fillet. This may cause component breakage, Fig. 2. 
when the board expands or is flexed during normal in- 
sertion and removal. The glass bodies of diodes are 
especially susceptible to this breakage. The value of a 
resistor can change with this lead stress even if the body 
does not break. 

This trouble may be alleviated by forming the com- 
ponent leads so that they are not in a straight line be- 
tween the solder fillet and the point where the lead enters 
the component body. Figure 3 shows one way in which 
these leads can be formed. On small bodied components 
the lead wires take an upward swing before entering the 
hole in the printed wiring board. Although the lead wire 
is poor spring material, there is enough resiliency in the 
wire to keep the component body securely in place and 
the wire loop will deform before the body of the com- 
ponent breaks. 

\ method of suspending the component above the 
board is by using a swedge lead or tapered tip secured to 





Fig. 4—Method of mounting component with 
clearance above board, using tapered lead tip. 
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A GOOD EXAMPLE OF MINIATURIZATION is found in the 
widely used IBM Type 604 electronic calculating punch. 
A transistorized calculator functionally identical to the 
thermionic IBM 604 is shown to the right in A. The 
transistorized model contains over 2100 transistors. It 
occupies less than one-half the volume of the vacuum 
tube 604, although the electronic packaging was not di- 


rected toward extreme miniaturization. Even in the power 
supply, no tubes are used. 


To facilitate assembly and servicing of the machine. 
printed wiring techniques are employed. The basic cir- 
cuit package, B, is a plug-in unit consisting of circuit 
components soldered on a printed wiring card, 3-in. wide 
by 51\4-in. high with 18 terminals on the short side. A 
total of 40 different circuits are found in the 595 indi- 
vidual circuit cards. Total power consumption of the 
transistorized calculator is 310 watts, which is only 5 
per cent of the power used by the vacuum tube machine. 


the lead as shown in Fig. 4. This method must be used 
with a plated, eyeleted, or bushed hole. As a general rule 
high wattage components are mounted in this fashion, 
to allow air to pass between the board and the component 


for added cooling. In general, however, mounting the 


component against the printed wiring board is considered 
better for withstanding vibration, because the board and 
component vibrate as a unit. 


Standardization of Grid Patterns 


When miniaturizing electronic circuits, it is necessary 


to install some rudiments of automation in manufacture 
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Another example of space saving accomplished in elec 
tronic packaging is the pluggable units, C, used in IBM’s 
large electronic data processing machines. Functional 
tube units of this type, in which wires cross the unit 
horizontally, were necessary in order to obtain the high 
computing speeds and keep the wiring on the rear panel 
to a minimum. The vacuum tubes occupy 42 per cent of 
the volume. The metal tube mount provides a barrier to 
keep the heat generated by the tubes away from the other 
components and also serves to conduct this heat away. 

The experimental replacement of this pluggable unit 
using transistors is shown at D. A little less than two 
of the transistorized units are equivalent circuit-wise to 
the multiple-tube pluggable unit. The volume of the tran- 
sistorized unit is less than one-fourth the volume of the 
vacuum tube unit, resulting in a 50 per cent net saving 
in space. 

Another way in which semiconductors aid miniaturiza- 
tion is illustrated at E which shows a schematic diagram 
of a card path in an accounting machine. The card gen- 


or to employ highly skilled personnel such as _ watch- 
makers for assembly. In order to make automation prac- 
tical, standardization of some form must be employed. 
The first place to start is with the grid pattern for the 
printed wiring board layout. RETMA is at present trying 
to standardize on a uniform grid. This is not an easy task 
as numerous factors enter into the problem, including 
conductor spacings required for voltage breakdown as 
specified by the Underwriters’ Laboratories, voltages 
required, component size, board manufacturing toler- 
ances, and many others. 

An example of how these factors are taken into ac- 
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erates its own timing pulses by using the opaqueness of 
the card to block the path of light between the source and 
the 80-column comb, which is divided into four groups 
of 20 slots. As originally designed, the light from each 
group was funnelled through a prism to a photomultiplier 
tube. As the card progresses down its path, it covers the 
slots one by one. The voltage wave is similar to a set of 
stairs. When this signal is differentiated, discrete timing 
pulses for each column on the card are obtained. 

This timing device was decreased in size by using lead- 
sulphide photocells in place of the photomultiplier tubes. 
Since these cells are very small and were formed 
on a flat plate to fit under the comb, the prisms were 
eliminated. The differentiating operation was the same as 
with the photomultiplier since the output of the lead 
sulphide cells was also a step function. The major ad- 
vantage gained by using the semiconductors was a de- 
crease of equipment size were space was at a premium. 
\ decrease in voltage and power required for this opera- 
tion also was obtained. O00 


count is illustrated in Fig. 5. The size of the grid pattern 
can be decreased in many ways by using semiconductors 
rather than vacuum tubes. Because of the lower voltages 
and power requirements, the size of the component bodies, 
the conductor widths and the spacing between conductors 
can be smaller than for vacuum tube circuits. 

Taking all of the common component body sizes nor- 
mally employed in semiconductor circuits into account. 
let us assume for this example that the pitch between 
component bodies should be approximately 0.20 in. Using 
automatic component assembly equipment, some space 
is necessary between component bodies so that each 
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component can be easily secured in place. This means a 
component pitch of approximately 14 in. 

For the printed circuit let us assume a double-sided 
pattern with plated-through holes. As an aid to standard- 
ization, a common hole size will be used for all com- 
ponent leads. To accommodate the automatic component 
assembly machine, a hole diameter of 4 in. is chosen. 
To insure a good solder fillet on the top of the board, it 
is necessary that there be a minimum of 0.010 in. of land 
around the hole. The total tolerance encountered in mak- 
ing the printed wiring board can add up to 0.020 in. 
when photographic and artwork errors, and expansion 
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and contraction of the board material are included. All 
these factors indicate that the land diameter should 
be approximately 14 in. 

It is desirable to use the same grid pattern for many 
different circuits, so that a common hole punch may be 
used. To accomplish this, versatility must be built into 
the grid pattern design. One approach is to provide space 
between each component land for a conductor. If we use 
a conductor 44 in. wide, with a tolerance of %4 in. for 
laying that conductor in the artwork as shown in Fig. 5, 
the total conductor space becomes 4, in. Correlating 
the known voltages with the UL requirements, it is safe 
to assume a minimum spacing between conductors of 10 
in. When all the above factors are totaled, the grid spac- 
ing comes to 4 in. This agrees with what is necessary for 
the component body spacing as calculated previously. 

There are several ways of increasing packaging effi- 
ciency when using transistors. Figure 6 show a triangular 
set of holes in a standard grid pattern used for mounting 
a transistor on a board. If a transistor is not used in 
this circuit, other components can occupy this space by 
placing the leads in the two top holes and two of the 
three holes in the triangle. As an aid to servicing, the 
transistor emitter can be marked by an arrow pointing 
towards the emitter land if the transistor is the pnp type 
or away from it for the npn type. 

When packaging transistors encased in a metal can, 


Up to 0.200in. 


in. may be necessary for 
automatic equipment 
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}~—0.250in—> 


Fig. 5—Determination of spacing of compo- 
nents and conductors on printed circuit board. 


care should be taken that the circuit wiring is not short 
circuited through the can. A coating of dielectric mate- 
rial over the can will alleviate this problem. This is 
particularly important with printed wiring since the can 
generally lies along the surface of the board. The silver 
and gold tolerance rings on many resistors and capac- 
itors are also conductive. In general, it is good practice 
not to run conductors on a printed wiring board in the 
space allocated for the mounting of a component. 

With the trend toward putting more circuitry into 
smaller packages, we are approaching the point where it 
is no longer feasible to find the faulty component in the 
case of trouble: it is necessary to find the faulty basic 
circuit. With a miniaturized package it would cost more 
to get inside the circuit than to manufacture a new one. 
Consequently, the faulty basic circuit is replaced. 
Embedment Requirements 

If it is not necessary to service packaged units, they 
can be embedded in some form of casting resin. The 
ideal embedment compound should meet the following 
specifications. 

1. Low power factor and low dielectric constant at 
both low and high frequencies. 

2. Ability to operate at elevated temperatures, ideally 
at 200 C or greater. and to withstand high internal hot- 
spot temperatures. 


3. Ability to operate in ambients of 55 C or lower. 


3 
1. High thermal conductivity. 
5 


. Low thermal expansion coefficient. 
». Negligible shrinkage during cure. 
7. Noncorrosive to the extent of causing no damage 
to fine copper wire. 
8. Excellent adhesion to metals to exclude air and 
moisture. 
9. Low moisture absorption. 

10. High dielectric strength. 

11. Simplicity in handling. 

12. Low in cost. 

At the present time no resin or plastic incorporates all 
of these factors. Consequently, the environment of the 
finished product must be analyzed to determine which of 
these specifications can be made less stringent. 

The use of polymerizing thermosetting plastics for em- 
bedding high-frequency circuits is limited by the high 
dielectric constants and power factors frequently asso- 
ciated with these materials. Because of this, techniques of 
using plastic foam for embedment are being evaluated. 
Such foam materials have very low dielectric constants 
and power factors, and consequently have little effect on 
circuit performance. The power factors of foam materials 
are in the order of 1 to 2 x 10 at 25 C for frequencies 
from 1 ke to 3000 mc. The dielectric constants of these 
materials are approximately 1.0 at 25 C for frequencies 
from 60 cps to 300 me. 

Many resins perform satisfactorily at temperatures 
in the vicinity of —50 C. Most manufacturers of casting 
resins refer to the lowest temperature at which the block 
of resin will not crack. This does not take into account 
the effect of irregular shaped items, the presence of which 
will cause cracking at much higher temperatures. The 
difference in thermal expansion coefficients will also cause 
cracking at elevated temperatures when irregularly shaped 
components are embedded in resins. The problem is less 
severe at elevated temperatures, however, since resins tend 
to soften. 
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Resin shrinkage during polymerization is also a very 
important problem. Shrinkage of casting resins will range 
from 14 to 9 per cent of the original volume. Fillers can 
alter this shrinkage. As a general rule, the lower the cur- 
ing temperature, the smaller the shrinkage. It is advisable 
to have the casting resin contain nothing but solid matter, 
to decrease shrinkage during aging. If solvents are trap- 
ped internally, it may take months for this solvent to 
evaporate. Evaporation will leave a porous structure 
which defeats the purpose of using the resin as a moisture 
seal, or it may cause additional shrinkage and strain. 
Foam plastics expand during curing and do not have these 
problems. 

Fillers are used in casting resins to produce specific 
qualities desired for an individual product. Powdered 
mica, powdered glass, and solid glass beads will decrease 
shrinkage. They will also tend to bring the dielectric 
constant of the casting resin to that of the filler. Powdered 
alumina and powdered silica will tend to increase the 
thermal conductivity of the resin. Recently, experiments 
have been conducted using hollow glass balls as a filler. 
These balls tend to decrease the shrinkage and produce a 
low dielectric constant. Their use also gains the advantage 
of decreased density. 

Probably the most important advantage to be gained by 
the use of resin embedment is that of protection of the 
circuit against humidity, corrosive fumes, and dirt. A 


Fig. 6—Hole configuration for transistors 
(lower) and other related component 
mounting on printed circuit board, Emit- 
ter connection designated by arrow. 
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second major advantage, not shared with other sealing 
techniques, is the complete support afforded the circuit 
components. This feature is particularly important in ap- 
plications where extreme shock and vibration are en- 
countered. 

A novel approach to embedding a circuit was studied 
by the U. S. Department of Defense. This product would 
not be exposed to radical temperatures, but the compo- 
nents had to be sealed against moisture. For various 
reasons the circuit could not be embedded in conventional 
casting resins nor hermetically sealed in the normal man- 
ner. The solution was to encase the unit in a ball of wax 
and apply hermetic “feedthrough” wire connections. The 
waxed unit was then made conductive on the surface and 
electroplated with copper. This made a finished product 
that was super-sealed against moisture and was also elec- 
trically shielded. 

A consideration in the design of some packages is heat 
transfer from a power transistor. This problem also arises 
when high voltage components are mounted or embedded 
near semiconductor devices. When printed wiring is used 
as a mounting base, a copper strip can be provided as a 
heat shunt for mounting the power transistor. This copper 
strip should then be routed on the card so that it falls in 
a position where air passes over it for cooling. If the unit 
is embedded in a casting resin, the problem is similar, 
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(Continued on page 374) 


Fig. 7—Voltage sequencing designed 
into plug-in printed circuit board. 





Variety of terminal and mounting arrangements offered by five manufacturers of micro-miniature relays. (Photo courtesy of 


Autonetics Division, North American Aviation, Inc.) 


Relay Design 
Targets 

Set by 

Missile Survey 


Oklahoma A. & M. College continues 
Symposium on Electro-Magnetic Relays, 
now in its fifth year. Conference between 
relay users and makers shows progress in 
standardization efforts, primary attention 
going to terminology and testing defini- 
tions. Costly over-specifications and con- 
tradictory requirements by users and 
over-design by makers are results of un- 
certainty in meaning of testing terms and 
methods. Navy survey of missile applica- 
tions provides a continuing punched card 
file of relay data for defining requirements 


on an orderly basis. 


ELECTRICAL MANUFACTURING 









Power 
source 


Contact movement 









Minimum delay 


——Normoal delay 








Fig. 2—Rapid reset time delay circuit using thermal relays, 
and time characteristic. In the circuit, when the switch is 
closed, both thermal relays start to heat up. At point A 
the contacts of TR-1 open, but nothing else happens. Both 
relays continue to heat up, and at point B the contacts of 
TR-2 close, pulling in the magnetic relay which locks in. This 
ie: haath iene also disconnects the heaters of both thermal relays, which 
ee Ganmeai fee.) immediately start to cool. The output contact of the magnetic 
’ relay is now closed, but since the normally closed contact of 

TR-1 has previously been opened and is still open, the output 

circuit is also still open. As the relays cool, the contacts of 

TR-2 are now out of the circuit. However, as TR-1 gets back 

to its operating level at point C, its contacts reclose. Since 


the magnetic relay output contact is also closed, the load 
circuit is now closed. 





















RELIABILITY IS THE KEY WORD in the relay art to- 
day, to judge from the subject matter and from the en- 
suing questions and discussions of the thirty-odd papers 
presented before the 5th National Conference on Electro- 
Magnetic Relays, held at Oklahoma A. & M. College, Still- 
water, April 23-25. Ostensibly devoted to test methods, 
to statistical survey procedures or to “dry-circuit” prob- 
lems, the basic subject matter was still reliability. It may 
be considered that this derives directly from the funda- 
mental peculiarity of the relay as a component, namely 
its function of opening and closing contacts. The mechan- 
ical structure, the coil and other accessory parts are all 
secondary to the circuit switching mechanism. Reliability 
problems and design study are concentrated on the con- 
tacts, directly or in effect, since their on-off step function 
characteristic results in exasperating and apparently ir- 
rational random behavior as compared with the generally 
gradual and traceable failure pattern of static components 
or those involving continuous functions such as rotary 
equipment. 

Relay Design. Specific design features and considera- 
tions were a feature of the symposium. In “Some New De- 
velopments in Thermal Relays”, J. David Marks of G-V 
Controls Inc. revealed the logic and ingenuity entering the 
design of a component which is functionally almost indis- 
tinguishable from the generic relay, usually thought of as 
electromagnetic, yet having characteristics uniquely suited 
to certain special roles, that is the thermal relay, Fig. 1. 
According to Mr. Marks, “The most far-reaching improve- 
ment of recent years, in thermal relays, has been their 
development and construction as precision devices: de- 





signed, engineered and built to have uniform predictable 
characteristics. We have often said that one of our prin- 
cipal problems was ‘getting the thermal relay accepted into 
polite society’. Many engineers had formed their opinions 
of the limited usefulness of thermal relays, based on the 
characteristics of the older types. Thermal relays have 
now qualified for functions for which they were not suit- 
able before. They have some interesting and unusual 
characteristics, and these characteristics make possible 
a number of ingenious uses.” 

The major field of application for thermal relays has 
been time delay, for which they have several principal 
advantages: they may be energized interchangeably on 
































Fig. 3—New design of sequence relay (Struthers-Dunn, Inc.). 
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Fig. 4—Cireuit and characteristic of magnetic amplifier and relay combination. 


d-c or a-c of any frequency, they permit delays of about 
1/10 sec. up to 5 min., may be made entirely of inorganic 
materials, suited to hermetic sealing, and there are no 
lubrication problems at extreme high or low temperatures. 
As with magnetic relays, there are limitations. When 
used alone, the thermal relay must be allowed time to 
cool before repeating. Furthermore, the heating rate and 
consequently the delay interval vary with voltage. There 
are ways of getting around these limitations. 

Figure 2 is a circuit for thermal relays in which the 
cooling time limitation is eliminated, by making use of 
both the heating and cooling time of two relays. 

In “Advancing the Sequence Relay,” Charles A. Pack- 
ard of Struthers-Dunn, Inc. described a basic improve- 
ment in the operating principle of the stepping relay, re- 
sulting in a line of new relays, one of which is shown in 


Fig. 3. Eor industrial applications, the type of stepping 


or sequence relay in greatest demand operate their con- 
tacts at the moment power is applied rather than at the 
end of the impulse as in telephone types. As a result, oper- 
ating force varies more or less as the square of the ap- 


Table I—Comparison of Sensitive Relay with 
Magnetic Amplifier-Relay Combination 


Magnetic Amplifier 


Sensitive Relay and Relay 


. Contact 
pressure 


Very low Equivalent to any 


power relay 


Contact gap Small 


As large as required 


As required 


Contact current | 1 to 2 amp. 


. Vibration 
resistance 


Usually limited to 
10 g to 55 cps 


. Shock resist- Very poor without 
ance shock mounts 


20 g to 2000 cps 


The same as any 
| power relay 


. Auxiliary relay Required if more 
than one or two light 


loads 


None required 


Reliability Deficient because of 


Good. The only 
low contact pressures | 


moving parts are at 
high power level 


Not less than a few 
milliwatts 


Power require- 
ments of control 
winding 


A few microwatts 
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plied voltage rather than deriving from a more constant 
spring actuation, and a complex of compensating auxiliary 
springs, pawls and the like became necessary. The out- 
standing characteristic of the new relay is that the usual 
ratchet is replaced by a star-shaped wheel, thus eliminat- 
ing all pawls and detents. The wheel is locked at all times 
when not in motion and it advances a step both at the be- 
ginning and at the termination of each pulse to the coil. 
This feature incidentally squares the possible number of 
sequence arrangements which may be derived from the 
relay 

In contrast with these specific design descriptions, an 
abstract study of the general consequences of “scaling 
down” the physical size of relay components was presented 
by P. N. Martin of Price Electric Company, in “Limita- 
tions in the Miniaturization of Electromagnetic Relays”. 
Fully recognizing that literal scaling down is not the best 
way to miniaturize, the reasoning is still of value in pre- 
dicting the possibilities for success in a miniaturization 
project. The device employed in the analysis was to apply 
a reduction factor (K) to all physical dimensions, and 
then consider the consequences in relay performance fac- 
tors. It was shown that coil efficiency, magnetic force, 
time constant and mechanical operating time would be 
reduced, and manufacturing difficulties increased, whereas 
resistance to external forces should be improved, as re- 
lay size is reduced. For example, if a half-scale reduction 
in which the volume became 1 of the original, if the mag- 
netic flux density were retained at the original value the 
magnetic force will be 144 of the original relay since the 
magnetic strike would be halved. This would require 14 
the original coil wattage, consequently higher temperature 
rise since the coil surface area is 14 of the original. To 
operate on the same voltage the coil would have double 
the original resistance, requiring wire six gages finer. 

Throughout discussions of relay contact resistance 
measurement, reliability and life testing there are re- 
peated references to film deposits on contact surfaces due 
to the presence of organic materials in the relay structure. 
In “Ceramoplastic Insulation for Relays”, J. H. DuBois 
of Mycalex Corporation of America described the virtues 
of materials which combine many of the advantages of 
plastics and ceramics without some of the conceivable 
defects of either of these material classes for relay con- 
struction. According to Mr. DuBois, the ceramoplastic 
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Fig. 5—Assembled combination of mag- 
netic amplifier and relay, and (right) 
the component parts. (Leach Corp.). 


materials and glass-bonded mica exhibit features highly 
attractive for critical applications which require absolute 
dimensional stability, the inclusion of metal inserts, arc 
resistance, resistance to radiation effects, complex func- 
tional design, freedom from corona effects and outgassing 
of deleterious vapors when operated at elevated temper- 
ature in high altitude or vacuum applications. A new cera- 
moplastic material is now available for the 500-C com- 
ponents. No distortion under load is observed at this 
temperature. An important factor in the success of this 
new material for relay applications results from the fact 
that its thermal expansion coefficient is a close match to 
that of nickel, steel and other insert materials. 

Relay Application. A strong case for the magnetic 
amplifier operated relay as against the combination of 
sensitive and power relays was made by Andrew O. 
Adams of the Leach Corporation. The comparison is 
vividly shown in Table I. 

The graph and circuit of Fig. 4 were used to relate the 
operating principle of a magnetic amplifier driven power 
relay with versatile control features. By selection of 
bias voltage the operating characteristic of the combina- 
tion can be altered as desired. With zero voltages on 
“Bias” and “Control” and full line a-c input applied, re- 
lay coil current will be close to maximum, point A on 
the curve. With 4 ampere-turns on “Bias”, the relay coil 
current falls to point B. A bucking signal of 1 ampere-turn 
applied to “Control” will give the net effect of raising 
relay coil current to C, equivalent to raising relay coil 
voltage from 3 volts to 50. In the physical counterpart 
of this circuit the power required for this amplification 
was 3 microwatts in the control winding. By proper 
biasing, the amplifier-relay «combination can be made 
essentially independent of temperature. Tests on a 
unit so biased showed a total control winding current 
variation of only 1.4 per cent to operate the relay over 
the temperature range of —55 C to +85 C with an input 
line voltage variation of 100 to 130 volts a-c. Figure 5 
shows one type of assembled amplifier-relay combination 
and the component parts. 

In “A Proposal for the Standardization of Micro-Minia- 
ture Relays”, A. H. Maschmeyer of the Autonetics Divis- 
ion of North American Aviation outlined an attack on the 
procurement and equipment design problems created by 
the existing diversity in miniature relay mechanical and 
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Fig. 6—Electrical and dimensional data for five available 
micro-miniature relays, and proposed standard. 


Table Il—Proposed Standards for 
General Purpose Micro-Miniature Relay 








Electrical requirements 


* Nominal coil voltage, d-c 26.5 

* Max. coil voltage, d-c 32.5 

***Max. pull-in voltage, d-c 18 

***Max. drop-out voltage, d-c 14 

* Min. coil resistance, ohms. 700 
Max. coil current (at nominal voltage), ma 38 

* Max. coil power (at nominal voltage), watts 1.1 


Contact rating (for general purpose types) 


Resistive ..Max 1 amp at 28 v d-c or 115 v a-c 
Min 0.05 amp at 28 v d-c 
Inductive. .. Max-0.25 amp at 28 v d-c or115v a-c 


Tungsten lamp Max-0.25 amp at 28 v de or 115 v ac 


** Max. operate time (N. O. Contacts) . 4 millisec 
Max. release time (N. C. Contacts) 4 millisec 
Max. contact bounce. . 1 millisec 


Min. dielectric strength 400 v rms 60 cycle 


(sea level) 
100 megohms 
0.05 ohms (inite) 
0.10 ohms (after lifl) 


***Min. insulation resistance 
** Max. contact resistance 


* Measured at 25 ( 
** Measured at 25 C with 26.5 v d-c applied to coil 
*** Measured at 125 C 


Mechanical and environmental requirements 
Terminal strength 3 Ib (not appl. to plug-in type) 
Temperature range —65 to +125 C 
Operating shock 30g for 11 millisec 


Vibration per detail specification (Graded 
Target 30g. 5 to 2000 cps 
Life. . Min-100,000 operations 
es : Target—1,000,000 operations 
Max. weight 0.5 oz. 
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electrical properties. The urgency of the problem may be 
visualized from the example statistic that for one system 
to be installed in one production aircraft model the relay 
requirements would be approximately 15,000 per month. 

To quote from the cited paper, “ Because of the individ- 
ual uniqueness of each of the presently available micro- 
miniature relays, our procurement specification began to 
develop into a collection of standard specials, and resulted 
in the preparation of'a proposed standard. Figure 6 is a 
tabulation of electrical and dimensional characteristics 
of five presently available micro-miniature relays pro- 
duced by five different manufacturers, together with 
corresponding data suggested for the proposed standard. 
[t will be observed that the values have been adjusted so 
that all manufacturers can comply without undue hard- 
ship. The proposed electrical values shown in Table II are 
similarly compiled and adjusted from the characteristics 
of presently available types. The suggested values pertain 
to general purpose types but the manufacturer would in- 
deed be short-sighted if he did not provide for dry-cir- 
cuit and power sensitive applications. A reasonable target 
for power sensitive types would be 25 to 50 milliwatts 
using a 5K coil. In the event this sensitivity is found to 
be incompatible with a minimum vibration requirement 
of 30g, 5 to 2000 cps, it might be possible to increase the 
power consumption up to a maximum of 200 milliwatts. 
The end mounted, screw-fastening type of mounting using 
welded angle brackets as shown in Fig. 7 is the type pre- 
ferred at Autonetics. This mounting style is used in con- 
junction with solder-type terminals and also with plug-in 


Fig. 7 (right)—End mounted 
miniature relay. 


Fig. 8 (below)—RETMA pro- 
posed “standard grid” modular 
pattern for electronic compon- 


terminals soldered to printed circuit boards. Present 
trends in printed circuit assembly methods are being di- 
rected toward full utilization of automatic assembly 
methods where the terminals extend through eyelets or 
plate-through holes in the board and are electrically se- 
cured by immersion in a solder bath. Printed circuit appli- 
cations demand not only geometric compatibility between 
related terminal arrangements for circuit and wiring con- 
siderations, but also mechanical or dimensional compat- 
ibility to ensure engagement of the relay terminals with 
the proper holes in the board.” 

“RETMA is proposing a standard dimensional system 
for automation requirements, which must be considered 
in any micro-miniature relay standard which is sufficiently 
progressive to embrace automation. The RETMA pro- 
posal covers a systematic series of dimensions which must 
be in increments of 0.025 in. (as the basic module) with 
all spacing in multiples of four increments or 0.100 in. as 
shown in Fig. 8. All attach points of leads, terminals of 
components, and the center line of mounting holes are 
located at the intersection of these lines. The pattern of 
imaginary lines is known as “standard grid”. Figure 9 
illustrates two acceptable terminal and mounting hole 
arrangements. It is recognized that usually a terminal ar- 
rangement is dependent upon the physical location of 
the internal mechanism and consequently this require- 
ment might be the most difficult to meet.” 

“The ramifications of this proposal have not been 
formulated on today’s needs alone. They have been moti- 
vated to a large degree by the desire to harvest the full 


=< 


0100 increments 


0.050 increments 


Fig. 9—Two relay mounting and terminal 
arrangements suitable for modular system. 
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capabilities of the micro-miniature relay and reduce the 
procurement difficulties and ensuing production problems 
in one area of tomorrow’s requirements. ‘Standardization 
by extensive use’ is a tired worn-out concept. It has been 
demonstrated that extensive use cannot be fully realized 
without standardization which develops multiple sources of 
supply. Effective standardization must be achieved by in- 
telligent projected thinking of what is required in the 
future and not by intimate knowledge of what is good 
enough for today. The proposed standard should be 
activated now so it will be here when it is needed.” 

Relay Testing. General concepts of reliability and 
specification must be supported by definite means of 
accomplishing their major implication, that is, relay 
performance testing and measurement. 

Since the primary concern in relay action is the con- 
tacts, their nature and behavior, questions of physical 
interpretation of contact action and means of making 
laboratory assay of performance have led to the devel- 
opment of numerous test philosophies and methods. The 
major problems in contact testing appear to be defining 
contact resistance and counting or otherwise recording 
failures, which also must be defined in terms of meas- 
urable parameters. 

Both of these resolve into the question of relating 
test conditions to service conditions. Absolute circuit 
continuity and discontinuity do not exist; apparent 
contact resistance is therefore a relatively meaningless 
term unless current and voltage magnitudes and means 
of measurement are specified. 

These considerations have led to various laboratory 
methods of examining contact behavior. One of the im- 
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10—Diagram of Strobolux study of contact action. 
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portant aspects of this is contact “bounce” or “chatter”. 
In a paper entitled “Methods of Studying Contact 
Bounce”, G. E. Morris of the General Electric Company 
described four distinct approaches to the problem, about 
which he stated: “If the demand for low contact bounce 


The National Association of Relay Manufacturers 


REPRESENTING THE RELAY MANUFACTURERS, and urging 
that standardization be applied to nomenclature and 
specifications rather than to relays as components, 
James V. Roughan delivered the conference opening 
address, “The Purpose of the National Association 
of Relay Manufacturers.” Mr. Roughan is president 
of the NARM, and vice president and general man- 
ager of Price Electric Corporation. The manufac- 
turers association was organized in 1945, and this 
year for the second time officially supported the 
Oklahoma A. & M. Symposium. In the address, Mr. 
Roughan specifically cited the objects of standardiza- 
tion were: “ratings as applied to relays, nomenclature, 
tests and test equipment.” Since a further important 
purpose of the NARM is dissemination of relay 
information, the association has published a booklet 
entitled, “Definition of Relay Terms,” and intends 
to follow this with “Standard Test Procedure for 
Relays” to establish a proper test technique which 
may be repeated in any laboratory as a code or guide 
so that test results obtained can be interpreted and 
understood by all concerned. For this purpose, the 
association invites criticisms and suggestions from 
users and makers of relays. 
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Fig. 11—Contact displacement investigation using the Optron, 
made by the Optron Corporation, Santa Barbara, California. 


Trace of motion 


is to be met, we must fully understand it and learn new 
approaches to eliminate or minimize it. Each method of 
studying relay action gives a somewhat different kind of 
information with its particular advantages and disad- 
vantages.” 

Mr. Morris outlined the various means which had 
been studied. “There are several methods of studying 
contact action through the use of different instruments 
and machines. Briefly they are: the oscilloscope, the 
strobe tach or strobe lux, the ‘Optron’ and high speed 
photography.” 

“The conventional way of studying and recording 
contact action is by observing or photographing circuit 
continuity on an oscilloscope. This method measures 
circuit interruption only. The bounce measured here is 
influenced by a number of factors other than pure 
bounce. From this method, bounce is commonly referred 
to as so many microseconds or milliseconds. Under a 
given set of conditions, it tells how long it takes the con- 
tact tips to settle down without circuit interrupion after 
initial make. In the case of a low frequency bounce, it 
can also tell the number and length of circuit interrup- 
tions. Some of the things which influence bounce meas- 
urements on a particular relay as taken on an oscillo- 
scope are: voltage and current handled by the contact 
tips, type of load such as resistive, inductive, etc., fre- 
quency of contact operation, cleanliness of contacts, 
sensitivity of oscilloscope, voltage on relay coil, wave- 
form of coil voltage, and relay mounting.” 

“The diagram for the strobe light method is shown in 
Fig. 10. With this light and a binocular microscope for 
small contacts, it is possible to physically see contact 
action. Here increments of repetitive cycles are seen. By 
progressing each increment further along in the cycle, a 
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be observed. The drawback to 
this system is the fact that the relay operations must be 


slow motion effect may 
repetitive or something might be seen that does not 
exist. This can be minimized by triggering the time de- 
lay at a point in the cycle as close as possible to the 
point of the cycle it is desired to study. For example. 
if it is desired to observe the tips immediately after 
closing, the time delay can be triggered by the first 
closing of the contacts. Then by varying the time delay. 
the position of the contacts at various times after intial 
make may be observed. By varying the time delay uni- 
formly, a slow motion picture of contact action after 
initial make may be observed. The magnitude of contact 
separation, modes of vibration, etc., can be seen. This 
method, in combination with the oscilloscope study, al- 
lows the coordination of circuit effect with contact 
action. As mentioned previously, however, one continu- 
ous cycle is not seen, but rather increments of repetitive 
cycles; therefore, this method is accurate only when the 
relay action is highly repetitive.” 

“High speed photography has proved a useful tool in 
studying many problems of motion. Its advantage over 
the use of strobe light is the fact that a single operating 
cycle may be recorded and studied. The operation of 
the device being studied, therefore, does not have to be 
repetitive. Recently the Research Laboratory of the Gen- 
eral Electric Company developed a camera capable of 
100,000 frames per second. This camera does not utilize 
conventional photographic techniques. The basic prin- 
ciple of this ‘image dissecting’ camera consists of repro- 
ducing each scene in halftone (i.e., breaking the picture 
up into an array of widely spaced dots) and interspers- 
ing succeding frames on the same composite plate by 
moving the plate one dot diameter between successive 
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Guided missiles present certain en- 
vironmental and reliability demands 
on relays as well as other component 
parts. In themselves, these demands 
may not be severe, but are often 
made so by improper application. 
Furthermore it has been found that 
considerable similarity exists in these 
demands among various missiles. 

In addition to the crucial im- 
portance of the missile program it- 
self the results of the relay require- 
ments survey, organized under the 
Navy Department Inter Bureau Tech- 
nical Committee, merits close atten- 
tion from all relay users and sup- 
pliers. Performed by the Guided 
Missile Relay Working Group 
(GMRWG), the activity is aimed at 
securing and logically collating en- 
gineering information on actual re- 
quirements for relays for use in 
guided missiles, not merely on a 
here-and-now static += examination 
basis but with reasonable projection 
to probable future demands, but also 
to give active: continuing form to the 
information by adopting punched 
card data storage systems for the 
utmost in revision fluidity and ac- 
cessibility. 

At the Oklahoma relay conference 
a variety of papers were presented 
by various representatives of 
GRMWG to sketch the nature and 
purposes of the project, and to 
arouse interest in this type of volun- 
tary information gathering by ex- 
plaining some of the more esoteric 
aspects of the methods being em- 
ployed for the survey, as for in- 
stance the meaning and intention of 
the relay application requirements 
sheets, samples of which were dis- 
tributed, and the manner in which 
the data were digested and analyzed 
for statistical purposes. 

In an introductory address for 
GMRWG, B. J. Wilson of Naval 
Research Laboratory outlined the 
form and content of the survey, 
classifying it as an “experiment” in 
deference to its unique features, 
which he emphasized. The gathered 
relay engineers were told: “You will 
be the judges of the outcome of this 
experiment ... to translate missile 
needs into the language of relays. 


Missile Relay Survey 


A good percentage of the time spent 
by the Group was concerned with 
the manner in which environments 
affected relays and the manner in 
which these environments should be 
specified.” 

“I will concentrate on the over-all 
act of getting these requirements 
since this in itself is a novel feature 
of the work of GMRWG. In past 
experience the relay manufacturer 
has had to form his own impression 
of what the requirements were. From 
his small survey of users’ needs 
the relay manufacturer was inclined 
to pay particular attention to the 
interests of the particular missile 
contractors he was dealing with. In 
expanding his market, the relay 
manufacturer then found himself in 
the midst of modifying existing de- 
signs to meet new requirements. 
Since the basic design was not in- 
terded to meet the new require- 
m ts, the (resulting) relay was gen- 
erally not as desirable as one whose 
designs were aimed at specific ap- 
plications. Naturally the relay user 
would prefer a product designed to 
his applications, and the relay de- 
signer would prefer to aim his de- 
signs at this same specific applica- 
tion. But, in the course of design 
and sale of relays in the missile 
field, there is no universal technique 
which satisfies these idealized condi- 
tions. We would like to point out 
a process whereby relay users co- 
ordinate their requirements and pre- 
sent them for designers to meet. 
This will eliminate a lot of present 
hit-or-miss gathering of information 
from contractor to contractor.” 

Indicating that a completely co- 
ordinated picture of missile relay 
needs which could be presented as 
such to the relay producers was a 
“Utopian goal,” Mr. Wilson proceed- 
ed to elaborate some of the com- 
parative difficulties encountered in 
the survey. “It is one thing to de- 
clare the intention of obtaining 
these requirements on relays; it is 
another thing to actually get them. 
With missiles as well as for conven- 
tional cases, the contact require- 
ments constitute the heart of the ap- 
plication problem, but complicated 





by the operational conditions, espe- 
cially shock, vibration, temperature 
and contact contamination problems. 
The relay coil and mechanisms must 
operate under these same conditions, 
so that environmental requirements 
have become a focal point, over-all, 
for missile relays. Unavailability of 
environmental information compli- 
cates the problem. Relays are ac- 
tually being applied in ignorance of 
operational conditions. In view of 
this ignorance, GMRWG directed 
considerable attention to the role of 
environment, leading to several re- 
ports carrying such titles as: ‘Some 
Physics of Dry Circuit Switching, 
‘Guided Missile Relays Subjected to 
Radiation, and others relating to 
reliability, shock and environment. 

“It was felt that some advanced 
estimate had to be made for the 
manner in which relays were to be 
tested in order to evaluate their 
reliability under those conditions 
determined from the requirements 
survey. This resulted in GMRWG 
Report No. 9, ‘Evaluation Procedure 
for Missile Relays’.” 

Copies of this guiding report and 
the associated relay application data 
transmittal sheets were distributed 
to the members of the symposium. 

According to this report, the in- 
tent of the relay evaluation pro- 
cedure is to present a_ standard 
method of analysis of a relay to be 
qualified for use in guided missile 
systems, in a form suitable for use 
in an electronic accounting machine 
data-handling system. The sequence 
of evaluation is defined, as are test 
methods, terminology and physical 
descriptive characteristics, all con- 
cretely and in detail with assigned 
decimal system designations for use 
in the application data sheets. De- 
tailed schematic diagrams are in- 
cluded for tests such as of “dry cir- 
cuit” characteristics. As described 
by Mr. Wilson in his address, the in- 
formation obtained (using these def- 
initions), “. . . if different from that 
heretofore known, is to be taken as 
a break-away point or point of de- 
parture from previously known re- 
sults—a sort of base line for further 
considerations.” 


frames. After processing, the frames are played back in 
sequence. The old technique of image dissecting is im- 
proved by the use of a plate of small spherical lenslets 
to produce the dot structure. This advance considerably 
increases the light gathering power and ultimate top 
speed of the camera.” 

“The camera is relatively new and work is now in 
process to determine its usefulness in studying relay 
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contact bounce. The main drawback is a problem of 
optics, not of camera speed. Photographs taken to date 
have been entirely of transmitted light so that essen- 
tially they are pictures of a shadow. Since most relays 
have multiple sets of contacts in any given plane, it has 
been difficult to isolate a single set of contacts. The 
shadows from other contacts or other parts of the relay 
interfere with the shadow of the contacts being photo- 
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big. 12—Contact vibration re- 
sistance tests and oscillograms. 


graphed. This may be overcome by various ingenious 
optic means, such as focusing light on a tiny mirror 
directly behind the contacts.” 

Mr. Morris proceeded to describe the fourth method 
investigated, for studying contact action, the “Optron”, 
shown in Fig. 11. This device measures displacement, 
run out, or vibration of mechanical parts. Any motion 
in any plane may be measured and the trace of motion 


Fig. 13—Resetting automatic in- 
dicator for relay contact chatter. 


versus time seen on a conventional oscilloscope or re- 
corded on a recorder, without making contact with the 
parts. Through the use of a dual beam oscilloscope, 
contact motion and circuit performance may be studied 
simultaneously. The Optron traces the motion of only 
one part, however, not the relative motion of two con- 
tacts. It also traces a single spot on a given part, not the 
overall motion of the part as might be seen with high 
speed photography or strobe light. It can be a useful 
tool in studying relay action, however, particularly with 
a larger, relatively slow moving relay, since the maxi- 
mum frequency response is 5,000 cps and its resolution 
is 0.0001 in. These are the Optron Corporation’s pub- 
lished limits; it is possible to increase frequency re- 
sponse at the expense of resolution or increase resolu- 
tion at the expense of frequency response. 

To date the most informative method of study has 
been the use of a strobe light in combination with the 
oscilloscope. Here it has been determined that the con- 
tacts actually do bounce, and the time and magnitude 
of contact separation measured. Relative motions be- 
tween core and armature, armature and actuator, actu- 
ator and contacts, as well as between contacts have been 
detected. Any part or all of the relay may be observed 
in action. By close control of the firing time of the 
strobe light, much of the disadvantage imposed by the 
necessity of repetitive cycles can be eliminated. Another 
advantage of this method is the fact that in development 
work a change may be made and the results observed 
immediately, rather than waiting for film to be devel- 
oped or setting up the Optron again. 

The methods outlined in the above are suitable for 
studying the nature of contact bounce. Another impor- 
tant aspect of the contact question is frequency of 
“misses” over a period of time; a quantitative measure- 
ment for relay evaluation is required. The problem in 
this was well defined by K. B. Austin and R. R. Ferry 
of Allied Control Co., Inc. “In some specifications the 
criterion for determining malfunction of a relay sub- 
jected to vibration is not whether the contacts open or 
close but is the amount of electrical noise present across 
the contacts under specified conditions of closed cir- 
cuit current and open circuit voltage. If a statement is 
made at all as to the indicator to be used it is generally 

. ‘an oscilloscope shall be used to monitor the con- 
tacts’. It is (our) intent to illustrate the need for more 
thoroughly defining the circuitry to be employed for 
the detection of contact chatter.” 

“Figure 12a illustrates the circuitry employed to test 
the vibration resistance of a pair of closed contacts on 
a telephone type relay in the de-energized state. The 
contacts under test were silver contacts rated to switch 
2 amp from a source potential of 24 volts. To the right 
is an oscillogram of the contact current while the relay 
was undergoing the specified excursion at 50 cps. The 
two horizontal lines indicate the magnitude of the open 
circuit voltage which was 0.1 volt. The oscillogram 
indicates that physical separation of the contacts was 
not occurring. However, due to the low value of open 

(Continued on page 334) 
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in these Joint Industry Conference (JIC) 
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In order to improve the format of the 
March, 1957 revision of the JIC Electrical 
Standards for Industrial Equipment, a new 
series of numbers beginning with 10 has been 
assigned to the paragraphs. 
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Pneumatic Standards for Industrial Equip- 
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E10. GENERAL 


E10.1 Purpose. The purpose of these Electrical 
Standards is to provide detailed specifications 

for the application of electrical apparatus to industrial 

equipment which will promote: 

a. Safety to personnel 

b. Uninterrupted production 

c. Long life of equipment 

d. Ease and low cost of maintenance 

These Standards are not intended to limit or inhibit 

advancement in the art of electrical or mechanical 

engineering. 


E10.2 


STANDARDS 


Scope. The provisions of these Standards 
aaa te all electrical components and wiring 
furnished as part of the industrial equipment, com- 
mencing at the place of connection of the power supply 
to the industrial equipment electrical components. 
These Standards shall apply to electrical equipment for 
use on circuits which operate from a supply voltage of 
600 volts or less. 

These Standards shall not be considered adequate for 
industrial equipment intended for use in locations de- 
signated as hazardous in the National Electrical Code. 


E10.3. Definition of Industrial Equipment. For 
the purposes of these Standards, industrial 
equipment is defined as follows: 
Industrial equipment is any equipment, electrically 
powered or controlled, used in or necessary for manu- 
facturing processes and assembly equipment. (This 
does not include 1115 volt, single phase, portable type 
equipment using cord connections unless such equip- 
ment is auxiliary equipment.) 


E10.4 When purchaser requires electrical equip- 

ment and installation of such equipment by 
the vendor to conform to these JIC Electrical Stand- 
ards and other requirements, he shall so specify in his 
original inquiry and on his purchase order. 


E10.5 The purchaser will specify, in his inquiry 
and on purchase order, such additional de- 
tails as are required to meet his local requirements as: 
a. Type and make of motor and electrical equipment 
desired 
b. Electrical power supply characteristics (voltage, 
phase, frequency) 
. Type of supply circuit disconnecting device desired 
. Number of copies of wiring diagram desired 
. Panel location 
. Any conditions for which unusual provisions must 
be made, such as limited power supply, ambient 
temperature over 40 C, high altitude operations, etc. 
g. Grounded or ungrounded control circuit 
h. Raceway and wiring to be furnished between equip- 
ment and separately mounted enclosures. 


E10.6 The industrial equipment builder shall sub- 
mit for purchaser’s approval, preliminary 

data, in accordance with Section 11, consisting of: 
a. Elementary diagram 

. Electrical stock list 

. Sequence of operations 

. Electrical layout 

. Connection Diagram 

. Foundation drawing—to be furnished only as re- 

quired in Paragraph 11.1.9. 


A. Preliminary approval shall be obtained 

by the vendor before electrical components 
are installed on equipment. After preliminary approval 
by purchaser, any deviations by equipment builder 
shall have purchaser’s approval in writing before 
changes are made. 
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B. Prints of preliminary data, as described 

in Paragraph 10.6 shall be submitted in 
quantity called for on purchase order. 

Cc. One tracing or reproducible copy of final 

diagrams, as described in Section 11, shall be 
forwarded to purchaser not later than date on which 
the equipment is shipped. The quality of the tracing 
shall be such as to permit changes to be made. Final 
diagrams shall be identified with purchase order num- 
ber and serial number of equipment and with a full 
description which will identify the diagrams with the 
particular equipment. If any field changes are made by 
the vendor, the changes shall be recorded and a repro- 
ducible copy of the changed drawing shall be forwarded 
to the purchaser or other designated person. 


E10.7. On any point for which specific provisions 
are not made in these Standards, the provi- 
sions of the National Electrical Code, state and local 
codes shall be observed. Article 670 of the Code applies 
specifically to machine tools. Article 630 of the Code 
applies specifically to welders. Article 500 applies to 
hazardous location. 
E10.8 Wherever a specific standard is mentioned, 
it is understood it will be “the latest revision 
thereof,” unless otherwise specified. 
E10.9 Deviations from these Standards shall have 
purchaser’s approval in writing. Any waivers 
granted shall apply only to the order in question, and 
shall not be considered as permanent. 


E11. DIAGRAMS, 
NAMEPLATES AND 
ELECTRICAL DATA 


E11.1 Elementary and Connection Diagrams 

(See sample diagrams on pages S-21, 22.) 
E11.1.1 A. The connection diagram, elementary dia- 

gram, electrical stock list, and sequence of 
operations, when practicable, should be shown on the 
same sheet as shown on the sample diagrams, pages 
S-21, 22. If more than one sheet is required, they shall 
be cross-referenced. All sheets shall be 8% x 11 in. or 
9 x 12 in. or whole multiples thereof. Drawings shall 
be of such size that all information is clearly legible. 
Maximum size of sheet shall be 36 x 48 in., unless 
otherwise specified by purchaser. 


B. More than one sheet shall not be accept- 

able unless all the diagrams and information 
required cannot be shown on a single sheet of maxi- 
mum size. 


E11.1.2 A. On industrial equipment having only one 
motor and one starter, the diagram normally 
furnished with the starter shall be considered satis- 
factory, provided the diagram shows all of the elec- 
trical apparatus on the industrial equipment. 
B. Where more than one motor starter or 
other electrical device is used, an elementary 
diagram and connection diagram shall be furnished. 
These diagrams shall be marked with the equipment 
serial number and the customer’s order number or 
with some other symbol which will identify the par- 
ticular equipment to which these diagrams apply. 
E11.1.3 A. The elementary diagram shall be drawn 
with vertical lines to represent the source of 
control power, and all control devices shall be shown 
between these lines using electrical symbols. For the 
sake of uniformity, coils shall be shown on the right- 
hand side. (See Paragraph 11.1.8) Control trans- 


ELECTRICAL MANUFACTURING 





. = —_— +S + 


. 
| 
| 
- 
A 


; 
| 
| 
H 


RW RENE ae 





former, all motors, other power devices and main line 
disconnecting means shall be shown. The control de- 
vices should be arranged in the order in which they 
are energized. 
All relays used to indicate positioning of mechanical 
components of the machine should be grouped below 
sequencing relays. 
Solenoid circuits shall be shown below sequencing and 
positioning relays. 
Only those contacts of control devices such as limit or 
selector switches actually used in the control circuit 
shall be shown. If multiple contacts are used, they 
shall be shown on the elementary diagrams where 
they are connected in the circuit and a mechanical 
connection between them indicated by means of a 
dotted line or arrows. 
All connecting wires and symbols for electrical devices 
shall be identified. 
The numbering of lines, to indicate location of all con- 
trol contacts, shall be as shown on the sample elemen- 
tary diagram, page S-21. 

B. Electronic diagrams shall be drawn simi- 

lar to electrical diagrams described above, ex- 
cept that they may be drawn between horizontal lines 
to represent the source of power. 
Pertinent data for maintenance purposes shall be 
shown, such as normal voltages on transformer wind- 
ings, signal input and output voltages and potentials 
applied to tube elements. Wave forms shall be shown 
at various test points in circuits for timers and similar 
devices. The type of instrument to be used, such as a 
vacuum tube voltmeter, shall be specified for taking 
such measurements. A complete stock list, as described 
in Paragraph 11.1.5, shall be furnished for all elec- 
tronic component parts. 
E11.1.4 The connection diagram (See sample dia- 

gram on page S-22) shall show the general 
physical layout of the electrical control panel with all 
relays, disconnecting means, control transformer, ter- 
minal strips with numbers, etc. Interconnection dia- 
grams should be shown as part of connection diagrams. 
Symbols for all electrical devices and their terminals, 
both in and external to the control panel shall be 
identified as shown in the elementary diagram. (See 
Paragraph 11.3). 


E11.1.5 The stock list shall show quantity, manufac- 

turer’s name, type or model and catalog 
number of each device used, plus motor horsepower, 
frame sizes, type of enclosure and speeds, and any 
other information necessary to order replacement elec- 
trical items. 


E11.1.6 The sequence of operations shall be worded 
to indicate the progression of operations of 
all pushbuttons, limit switches, relays, solenoids, and 
all other control devices on the equipment, as shown 
and labelled on the elementary diagram. 
The limit switch purpose or function shall be shown 
either on the elementary diagram adjacent to the limit 
switch symbol or in a “limit switch description,” 
shown on the same sheet. 
The solenoid purpose or function shall be shown in the 
solenoid circuit of the elementary diagram, adjacent 
to the solenoid symbol and also opposite the symbol for 
the control relay which actuates the solenoid. 
Graphical representation may be used to supplement 
the written description. Block diagrams may be used 
to indicate position of multiple contact devices such as 
drum, cam and selector switches, etc. 


E11.1.7 The electrical layout shall consist of an out- 
line, not necessarily to scale, of the industrial 
equipment showing electrical control enclosure, control 
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and power devices external to the control enclosure in 
their relative locations. It shall also indicate the size 
and number of all conductors, as well as the approxi- 
mate position of all conduit, that will be installed by 
the purchaser. Enclosure dimensions shall be specified. 
Other dimensions need not be shown. 


E11.1.8 A. The American Standard, Graphical Sym- 
bols for Electrical Diagrams, Y32.2; NEMA 
Standards for Industrial Control IC1; and other typi- 
cal symbols as shown in Appendix E on page S-24 of 
these Standards shall be used in connection and ele- 
mentary diagrams. 
B. Identification of devices, together with 
suitable prefixes and suffixes, shall be in ac- 
cordance with NEMA Standards for Industrial Con- 
trol, IC 1-3.01 to 3.03. Example: 2CR, 3LS. 
To identify identical purpose devices on multiple head 
machines, additional letters may be used. Example: 
2CR-A 


Relay | | Head or Station 


2LS-C 


Limit Switch | | Head or Station 


Cc. The following alphabetical designations 
shall be used for the devices indicated, and 
shall not be used for other identification purposes: 


Examples 

Relays: General Use — CR 1CR 2CR 

Master — CRM 

Automatic — CRA 

Electronically Energized — CRE 1CRE 2CRE 

Manual (Hand) — CRH 

Latch — CRL 1CRL 2CRL 

Unlatch — CRU 1CRU 2CRU 

Timers — TR ITE: 2a 

Overload Relay — OL 10L 20L 
Motor Starters — 1M 2M ete. 


Reversing Motor Starters — 2M F and 2MR, 4MF and 
4MR, etc. 





Starter No. FORWARD 


Plugs and Receptacles — 1PL, 2PL, etc. Poles shall 
be numbered 





as follows: 
1PL1, 1PL2 
Plug No. | Pole No. 
Solenoids —1SOL, 2 SOL, 3 SOL 
Limit Switches — JLS. 2LS, 3LS 
Pressure Switches -— 1PS, 2PS, 3PS 


E11.1.9 On industrial equipment requiring a founda- 

tion, the minimum size, purpose and location 
of the conduit to be placed in the foundation by the 
purchaser shall be shown on the foundation drawing. 


E11.2 Equipment Nameplates and Identification 
Plates 


E11.2.1 A. A permanent non-corrodible nameplate 

listing equipment serial number, voltage, 
phase, frequency, rated kva, or full load current, 
NEMA interrupting capacity of the circuit breaker, 
if furnished, control circuit voltage and wiring dia- 
gram number shall be attached to the electrical equip- 
ment or machine. The nameplate shall include the 
following sentence to indicate compliance with these 
Standards: “The wiring and the electrical equipment 
on this machine are in accordance with JIC Standards.” 
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B. For multi-motor equipment, the full load 

current shall not be shown as less than the 
sum of the full load current required for all motors 
which may be in operation at one time under normal 
conditions of use. 


E11.2.2 Where electrical equipment is removed from 
its original enclosure or where equipment is 
so placed that the manufacturer’s nameplate is not 
readily visible, a duplicate nameplate shall be per- 
manently attached to the industrial equipment or 
enclosure. Nameplates shall not be removed from elec- 
trical equipment. 
E11.2.3 Whenever the motor nameplate or the con- 
nection diagram plate is not visible, a dupli- 
cate plate shall be provided where it can be easily read. 
Original plates shall not be removed from motors. 
E11.3 Marking of Devices. All control and power 
devices used on industrial equipment shall 
be plainly and permanently identified with the 
same identification as shown on the elementary and 
connection diagrams. Identification shall be shown on 
a plate mounted adjacent to, not on, the device. 
A. Identification plates for devices mounted 
inside the control enclosure may be either 
non-corrosive metal, a minimum of %2 in. thick, or 
laminated phenolic engraving stock a minimum of 
%e in. thick. 
B. Identification plates for devices mounted 
external to the control enclosure shall be 
non-corrosive metal, a minimum of %: in. thick, held 
in place by escutcheon nails, screws, or equivalent. 


E12. SUPPLY CIRCUIT 
DISCONNECTING DEVICES 


re This section shall apply to all indus- 
eq 


trial equipment except: 
Small bench type tools powered by a single motor 
rated less than 14 hp operating from a 115 volt source, 
and welding transformers and their control circuits. 
E12.1.1 On bench type equipment, the combination 
starter need not be mounted on the equipment. 


Type. The industrial equipment builder shall 
furnish one of the following types of discon- 
necting devices: 

a. A NEMA heavy duty, industrial type, manually 
operated fused switch. 

b. A circuit breaker having a minimum interrupting 
capacity of 15,000 amp unless otherwise specified 
by purchaser. 

ce. A fused circuit interrupter. 

Note: When requested by the purchaser, the equipment 

builder shall furnish a non-fused NEMA heavy duty, 

industrial type switch, or non-fused interrupter. 

E12.3 Rating 

E12.3.1 The disconnecting device shall be capable of 

interrupting the maximum operating over- 
load current of all the equipment connected to it. 

E12.3.2 Fused switches or circuit breakers shall be 

applied in accordance with Paragraph 13.5, 
Branch Circuit Protection. 
E12.4 Indicating Type. The disconnecting device 
and operating mechanism shall plainly indi- 
cate whether the disconnecting device is in the open or 
closed position. 

£12.5 Supply Conductors to be Disconnected. 

The disconnecting device shall disconnect all 
ungrounded conductors of the power supply circuit 
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simultaneously. Where there is more than one power 
source, additional individual disconnecting devices 
shall be provided for each supply circuit, so that all 
power lines to the machine may be interrupted. 


E12.6 Connections to Supply Lines. The incom- 

ing power line conductors shall terminate at 
the disconnecting device with no connection to ter- 
minal blocks or other devices ahead of the disconnect- 
ing device. 

E12.7. Line Terminal Protection. The line termi- 

nals of all disconnecting devices shall be 
shielded so as to eliminate the possibility of personnel 
accidentally contacting live parts. 

E12.8 Mounting 

E12.8.1 The disconnecting device shall be mounted 

within the control enclosure, except when the 

connected horsepower exceeds that for which an 800- 

amp circuit breaker is suitable. When larger breakers 

are required, the builder shall furnish, but not mount, 
an enclosed circuit breaker. 

E12.8.2 If more than one disconnecting device is pro- 

vided for multiple supply circuits, they shall 
be grouped in one location. 

E12.8.3 The disconnecting device shall be mounted at 

the top of the control panel. No other equip- 
ment shall be mounted directly above it. 

E12.8.4 Where unitized equipment construction is 

specified by purchaser, separate disconnect- 
ing means may be utilized provided the following con- 
ditions are satisfied: 

a. When the disconnecting means of any of the sepa- 
rate control panel enclosures is placed in the “OFF” 
position, all current carrying components on that 
panel shall be de-energized. 

. A main disconnect means shall be furnished to 
de-energize the entire equipment, and shall comply 
with Paragraph 12.8.1. 

E12.9 Interlocking. When the disconnecting device 

is mounted in the control enclosure, it shall 
be mechanically or electrically interlocked, or both, 
with the control enclosure door or doors. That these 
interlocks may be deactivated so panel doors can be 
opened for servicing without disconnecting the power, 

a suitable device, common hand tool operated, shall be 

provided. Interlocking must be reactivated automat- 

ically when panel doors are closed. 

E12.9.1 Where there is more than one power source, 

additional individual disconnecting means 
shall be provided so that all power lines to the equip- 
ment may be interrupted. All these disconnecting 
means shall be mounted inside the enclosure and 
mechanically interlocked, with the control enclosure 
doors. 


E12.10 Operating Mechanism 

E12.10.1The center of the grip of the operating han- 
dle of the disconnecting device, when in its 

highest position, shall not be more than 614% ft above 


the floor and should not be lower than 3 ft above the 
floor. 


E12.10.2The operating handle shall be so arranged 
that it may be locked only in the “OFF” 
position, with a minimum of three locks. 


E12.11 Furnace and Welder Disconnects 


E12.11.1 Paragraphs 12.9 and 12.10 do not apply to 
(F) electric power for resistance welders or elec- 
(W) tric furnaces unless specified; however, it 

does apply to motor control for such appa- 
ratus. In any case, where there are two or more sources 
of power to the equipment or where there are two or 
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more independent disconnecting means not mechani- 
cally interlocked with each other, all line voltage wiring 
from each disconnect means shall be run in separate 
conduit and shall not terminate in or pass through 
common junction boxes. 


E13. PROTECTION 


E13.1 Scope. This section shall apply to all indus- 
trial equipment, except bench type machines 
powered by a single motor rated at less than 14 hp. 
E13.1.1 Fuses. All fuses shall be dual element or 
high interrupting capacity type. 
Control Circuit. The control conductors shall 
be protected against steady overloads and 
against short circuits. An overcurrent device shall be 
connected in series with each leg of all ungrounded 
branch control circuits. Solenoid and control shall be 
considered separate branch circuits. The overcurrent 
devices shall interrupt 125 per cent of the current rat- 
ing of the control transformer and shall interrupt short 
circuits without damage to the control transformer or 
conductors. 


E13.3 Undervoltage Protection. Undervoltage 
protection shall be provided for all motors 
and controls. 
E13.4 Motor Overload 
E13.4.1 A. Each motor shall be protected against 
running overload by the use of a separate 
overload device responsive to motor current or to both 
motor current and temperature. 
B. Table I shall govern the minimum allow- 
able number and location of overload devices. 
E13.4.2 Short time rated motors or high reversing 
duty motors which cannot be adequately pro- 
tected by external overload devices shall be protected 
by a thermal overload device mounted in the motor. 
The thermal overload device shall be sensitive to the 
temperature of the motor, or to both temperature and 
current. In addition, motors shall be protected against 
stalled conditions by the use of a protective device 
which is responsive to motor current. 


E13.5 Branch Circuit Overcurrent Protection 
E13.5.1 General 


A. An overcurrent device (fuse or overcur- 

rent trip unit of a circuit breaker) shall be 
placed in each ungrounded branch circuit conductor. 
Circuit-breakers shall open all ungrounded conductors 
of the branch circuit. 

B. If the values for branch circuit protec- 

tive (short circuit) devices do not correspond 
to the standard ratings or sizes of these devices, the 
next higher size or rating may be used. 
E13.5.2 Individua: Motor. The overcurrent protec- 

tive (short circuit) device for a branch cir- 
cuit supplying a single motor shall be capable of carry- 
ing the starting current of the motor. Overcurrent 
protection shall be considered as being obtained when 
the overcurrent device has a rating or setting not 
exceeding that shown in Table II. Where the over- 
current protection specified in the Table is not suffi- 
cient for the starting current of the motor, it may be 
increased to a maximum of 400 per cent of the motor 
full-load current. 
E13.5.3 Several Motors on One Branch Circuit. 

Two or more motors and their control equip- 
ment may be connected to a single branch circuit pro- 
viding all of the following requirements are met. 


E13.2 
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Table I—Motor Overload Devices 


Minimum number and 


Kind of location of overload 
motor Supply system devices 
tie ac | 2-wire, 1-phase, ac or de | 1 in either conductor 
or de 
1-phase, ac | 2-wire, 1-phase, ac or dc, | 1 in ungrounded con- 
or de one conductor grounded ductor 
3-phase, ac | 3-wire, 3-phase, ac, un- | 2 in any 2 conductors 
grounded 
3-phase, ac | 3-wire, 3-phase, ac, one | 2 in ungrounded con- 
conductor grounded ductors 
3-phase, ac | 3-wire, 3-phase, ac, 2 in any 2 conductors 


grounded-neutral 


Note: For power supply systems not included in the Table, refer to National 
Electrical Code Section 4327. 


Table il—Motor Overcurrent Protective 
Device Ratings 


Per cent of full-load current 


Dual Thermal- 
element magnetic 
fuse, circuit 
max- breaker, 
imum maximum 
Type of motor rating rating 


Motors marked with Code Letter indicating locked rotor kva 


All ac single-phase and polyphase 
squirrel-cage and a motors 


Code Letter 125 150 

Code Letter B to E 125 200 

Code Letter F to V 125 250 
Motors not marked with a Code Letter 
Single-phase, all types 125 250 
Siedeee and synchronous 125 250 
High-reactance squirrel-cage 

Not more than 30 ampere 125 250 

More than 30 ampere 125 200 
Wound-rotor 125 150 
Direct current 125 150 


Note: For motors not included in the Table, refer to National Electrica] Code, 
Chapter 10, Tables 26 and 27. 


Table lil—-Maximum Wire Size for 
Given NEMA Starter Size 


Starter size Wire size AWG or MCM 
1 10 
2 4 
3 0 
4 000 
5 500 


Table IV—Relationship Between Wire Size 
and Overcurrent Device Rating 








Wire size Maximum ampere rating 
AWG or MCM of overcurrent device 
14 60 
12 80 
10 100 








va 


es eee) 


A. The maximum size of conductor con- 
nected to a motor controller shall be in 
accordance with Table III. 


B. The maximum rating or setting of the 

overcurrent protective device shall be deter- 
mined from the smallest conductor in the circuit in 
accordance with Table IV. 


Cc. Overcurrent protective (short circuit) 

devices of a lower rating than the maximum 
allowed in Table IV shall be used whenever this can 
be accomplished without requiring additional (short 
circuit) protective devices. 


D. The motor and controller circuit shall be 
arranged so that a minimum number of 
branch circuit overcurrent protective devices are re- 
quired. The following diagrams show circuits which 
are acceptable for group protection of industrial 
equipment motors and controls. (Figs. 1-3) 
E. The starting of motors shall be in se- 
quence so that a group of motors started 
simultaneously will not exceed: 
1. An aggregate of 100 hp when the smallest motor of 
the group is 10 hp or larger. 
2. An aggregate of 75 hp when the smallest motor of 
the group is 744 hp or smaller. 
E13.5.4 Power Supply. Where 115 volts is the only 
power supply to the equipment, a fused dis- 
connect switch or circuit breaker of suitable size shall 
be installed. 


Power line 
Feeder 


Fused disconnect switch or circuit breoker 
Bronch circuit 


Motor 
controllers 


Control circuit 


tronsformer 
Control circuit fuses 


Motors 


Fig. 1—Typical branch circuit protective arrangement for 
multi-motor machine. 


Power line 
Main disconnect device 


used disconnect switch 
or circuit breokers 


i Control circuit 


transformer 
Motors ontrol circuit 


fuses 


Branch 
circuits 


Fig. 2—Typical branch circuit protective arrangement for 
multi-motor equipment used when two or more separate 
control panels are required due to physical size of machine. 
When this arrangement is used, electrical interlocking of 
all power line disconnecting means shall be provided. 


Power line 
eeder 


Fused disconnect switch or circuit breoker 


uses or Circuit breoker 


Control 
circuit 
tronsformer 


circuits 
Motor 
controllers 


Control 
Motors Circuit fuses 
Fig. $—When this method of protection is used, all the 
equipment must be contained in one control enclosure. 
The main breaker must be interlocked with the door 
(Paragraph 12.9). Feeder “B” must have a current carry- 
ing capacity of at least 1/3 that of feeder “A.” 
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E14. CONTROL CIRCUITS 


E14.1 Source of Control Power. The control cir- 

cuit shall be taken from a source on the load 

side of the main disconnect device. 

E14.1.1 When the purchaser approves the provision 

(FW) of a separate control circuit disconnect de- 

vice, the control circuit may be taken from 

the line side. 

E14.2 Control Voltage 

E14.2.1 AC control voltage shall be 115 volts obtained 
from a transformer with an isolated second- 

ary winding. Also see Paragraph 13.2. (Approximately 

95-volt, 50-cycle control circuits may be used to supply 

coils rated at 115 volts, 60 cycles.) 


E14.2.2 Voltages other than 115 volts may be used, 
where necessary, for the operation of sensi- 
tive instruments, electronic, or similar devices used in 
the control circuits. 
E14.2.3 Exposed, grounded control circuits may be 
used where the low voltage does not exceed 
25 volts and where the low voltage is isolated from the 
power supply by a two-winding transformer. The 
primary of such transformer shall not exceed 115 volts. 
A complete description of the circuit and the reason 
for its application must be presented to and permission 
obtained from the purchaser in writing before such 
circuit is used. 
E14.2.4 Welding controls shall conform to Paragraph 
(W) 14.2.2, with the provisions that it shall be 
standard to provide a nominal voltage of 115 
volts between the terminals provided for circuits to 
the no-weld switch, pressure switch, and the welding 
cycle initiating switch. These circuits must be isolated 
from the power supply. When a low voltage trans- 
former for the pilot circuit is specified for operator 
safety reasons, the secondary voltage shall be 24 volts. 
E14.2.5 DC control voltages shall not exceed 250 volts. 
E14.3 Connection of Control Devices 
E14.3.1 A. All operating coils of control devices 
should be connected to one side of the con- 
trol circuit with provision for purchaser’s grounding 
of that side of the line at the control circuit trans- 
former. 
All contacts should be connected to the other side of 
the line except as follows: 
Overload relay contacts may be connected in the line 
having provision for grounding, if the conductors 
between such contacts and the coils of magnetic de- 
vices do not extend beyond the control enclosure. 


B. Solenoids shall be relay controlled with 

separate contacts of the same relay connected 
in each lead of the same solenoid. (See sample ele- 
mentary diagram, page S-21.) 
E14.3.1 Paragraph 14.3.1 A does not apply to presses. 

(P) 

E14.3.2 Any magnetic device having an inrush (coil 

current measured with the magnet blocked 
in the rated maximum open position) exceeding 20 amp 
at 115 volts, may be energized through contactor con- 
tacts. The coil is fed from the control circuit, the 
contactor, or other magnetic device being energized 
from the line voltage. This does not apply to separately 
mounted solenoid or magnetic brakes connected di- 
rectly across motor terminal leads. 


E14.4 Interlocking 


E14.4.1 Where there is more than one electrically 
controlled or operated device on any indus- 
trial equipment, and where possible damage may be 
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caused by the failure of any one device to function 
properly, the circuits shall be arranged with protective 
interlocks. Where practicable, these interlocks shall 
interrupt all operations, provided such interruption 
does not constitute a hazard to the operator or cause 
damage to the equipment or work in process. 


E14.4.2 Where starting or stopping of devices in 

improper sequence can result in a hazard to 
the operator or damage to the equipment or work in 
process, circuits shall be so arranged as to insure the 
proper sequence starting and stopping of such devices. 
For setup purposes, manual means, preferably by 
pushbuttons, shall be provided to perform individual 
functions. The above provisions for safe operation 
shall be effective and shall include the following: 


A. Opposing Motions interlocked. All re- 

versing starters, contactors controlling sole- 
noids mechanically connected, and contactors con- 
trolling opposing motions, shall be protected from 
simultaneous energization. 


B. Plugging Circuits. All plugging switches, 

or zero speed switches, used to control the 
application or removal of power in order that moving 
parts may be slowed down, stopped, or reversed, shall 
be provided with features incorporated in the control 
circuit to prevent the reapplication of power after the 
completion of the plugging operation and to prevent 
the application of power through any manual move- 
ment of the plugging switch shaft, or of the motor or 
equipment. 


C. “Stop” by De-energization. “Stop” 

functions shall be initiated through de- 
energization rather than energization operation of 
control devices where possible. 


D. Movement Initiation by Limit Switches. 
Control circuits shall be designed so that 
movement of any part of the industrial equipment 
cannot be initiated, when the equipment is not in its 
cycle, by the actuation of any limit switch, unless the 
equipment control is: 
1. Set for “automatic” operation. 
2. The “automatic” control circuit is of the holding- 
circuit type and is energized, and 
8. These conditions are indicated by suitable pilot 
lights. 


E. Covers and Doors Interlocked. Hinged 

or sliding access doors to compartments con- 
taining belts, gears or other moving parts which may 
cause injury to personnel shall be interlocked through 
limit switches or other means, to prevent equipment 
from operating when doors are not closed. 


F. “Jog” (or “inch”) Circuits. “Jog” (or 

“inch”) circuits shall be so designed that 
the prevention of “run” (or “automatic’”) operation 
during jogging shall be inherent. 

G. Two-Hand Trip. Two trip buttons shall 

be provided for each operator where pinch 
points or other movement hazards are exposed to oper- 
ating personnel. The circuits shall require maintained 
depression of each button throughout the cycle or until 
a point is reached in the cycle where the hazard ceases. 
Each pair of buttons shall be so located and guarded 
that operation by means other than the two hands of 
the operator is prevented. The circuit shall be so 
designed and wired that the equipment cannot be 
operated unless both trip buttons at each station are 
released between successive operations. 


H. “Anti-Repeat” Operation. On equip- 
ment where continuous consecutive cycles of 
operation of the equipment are not a normal or a de- 
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sired operation, the circuit shall be so arranged that 
such operation cannot be obtained by the use of any 
button or control means available to the equipment 
operator. Specifically, continuous consecutive cycles 
shall not result even though the “cycle start” button 
is held continuously in the “start” position. 


I. More than One Cycle Start Station. 

On mass-production industrial equipment, 
wherever there is more than one cycle “start” station 
provided, all “start” buttons shall be concurrently 
depressed to initiate the cycle, and released between 
successive operations, unless interlocking is provided 
to require either (1) the use of one station at a time, 
or (2) the initiation of the cycle by depressing buttons 
in a specified sequence. 


J. Spindle Drives interlocked with Feeds. 

Suitable interlocking should be provided to 
insure that spindle drive contactors are energized be- 
fore spindles are driven into work, while in the “auto- 
matic” cycle. 


K. Additional Contactor for Switching 

Major Control Loads. Circuit The auxiliary 
contact on any starter or contactor shall not be used 
in excess of its rating for carrying major control cir- 
cuit loads. Instead, an additional contactor shall be 
used for this purpose. 


L. Valves for Clamping Operations. Hy- 

draulically and pneumatically actuated clamps 
shall be controlled by two position, double solenoid 
operated, four-way valves. The clamp solenoid is to be 
maintained energized throughout the clamping cycle. 

M. Valves for Indexing Mechanisms. Hy- 

draulic indexing mechanisms shall be con- 
trolled by three position, spring centered, double 
solenoid operated four-way valves. Pneumatic indexing 
mechanisms shall be controlled by two single solenoid, 
spring offset, three-way valves or a two or three posi- 
tion four-way valve. 


N. Limit Switch Interlocking. Where neces- 

sary, limit switches shall be interlocked by 
the use of both the normally-open and the normally- 
closed contacts to prevent damage caused by the 
sticking of the switch in the tripped position. 

O. Indexing Interlocked with Full Depth 

Operation. Interlocking shall be provided 
on indexing equipment, so that each head must reach 
the full limit of its operation and return to its starting 
position before indexing of the next cycle can occur. 


P. independent Return of Heads such as 
Drills, Taps and Reamers. Each head unit 
shall return to its starting position, upon the com- 
pletion of its feed cycle, independently of other units. 


Q@. Changing from Rapid Traverse to 

Feed. Hydraulically actuated heads shall not 
require an energizing operation to change from rapid 
traverse to feed rate. 


R. One Master Station for Motor Start- 

ing. There shall be only one master station 
effective at any one time for starting all motors con- 
currently. However, multiple stop buttons may be used 
as required. 

S. Over-Speed Protection for DC Motors. 

Shunt and compound-wound de motors shall 
be equipped with overspeed or field loss protection to 


prevent the motor from “running away” in the event 
of field failure. 


T. Sequence Control by Pressure Switches. 
Pressure switches shall not be used alone to 
determine sequence of operation. 
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E15. CONTROL EQUIPMENT 


E15.1 Standards 


E15.1.1 Control devices shall meet the requirements 

of the latest revision of ASA Standard C19.1 
(Industrial Control) and NEMA Standard IC 1 (In- 
dustrial Control). 


E15.1.2 All polyphase control apparatus shall be in 

accordance with American Standard for In- 
dustrial Control C19.1 for 600 volt service, regardless 
of voltage applied. 


E15.1.3 Control circuit transformers shall meet the 
requirements of the latest revision of NEMA 
Standards ST1, Specialty Transformers, Part 6, Ma- 
chine Tool Transformers. 
E15.1.4 All control devices, external to the control 
enclosure, such as limit switches, pushbut- 
tons, selector switches, solenoid enclosures and pres- 
sure switches, shall be liquid-tight. 
E15.1.5 Precision and other small devices used for 
control shall conform to accepted standards 
for that class of devices. 
E15.1.6 Additional control transformer capacity of 
25 per cent over and above current require- 
ments, but not less than 100 va nor more than 1000 va, 
or a separate transformer, shall be provided on con- 
trol panels. The primary of such transformers shall be 
wound for dual 230/460 voltage, with a single isolated 
secondary of 115 volts. Transformers for use in motor 
starters shall have specifications as stated above except 
that the additional capacity need not be provided. 
E15.1.7 Paragraph 15.1.5 will not apply to welders. 
(WwW) 
E15.1.8 Relays having a NEMA rating of 10 amp and 
higher with pigtail leads or shunts on con- 
tacts are not acceptable. 
E15.2 General 
E15.2.1 All panel mounted control devices shall be 
front connected and front wired except such 
direct current and large alternating current equipment 
as is not commercially available for front connection. 
E15.2.2 Terminals shall be provided on or adjacent 
to all control devices mounted in the control 
enclosure. 
E15.2.3 All coils shall be marked with voltage, fre- 
quency, ordering number, and maker’s name 
or trade-mark. On direct current, “DC” shall be 
marked as the frequency. 
£15.2.4 Solenoids used for actuating valves, brakes 
and other mechanisms shall be of the con- 
tinuous duty rating type. 
E15.2.5 Electrically energized devices located ex- 
ternal to the control enclosure such as: motor 
brakes, clutches, solenoids and other coil operated 
devices, shall incorporate an enclosure for connection 
purposes. Coils shall not have lug type terminals. The 
coils shall have leads to extend a minimum of 4 in. 
outside the enclosure and shall be equipped with pres- 
sure connectors. The connection shall be bolted and 
taped. 
E15.3 Motor Starters 
£15.3.1 Across-the-line starting shall be employed 
for altering current motors unless the pur- 
chaser specifies otherwise, or unless the industrial 
equipment requires limited accelerating torque. 
£15.3.2 Alternating current motor starters shall open 
all of the power conductors leading to asso- 
ciated motors. 
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Table V-—Starter Ratings for 
Plug-Stop or Jogging (Inching) Duty 


Maximum horsepower rating 


Starter 220 volts 440-550 volts 
size three phase three phase 


5 
15 
30 
60 
| 150 
300 


E15.3.3 Where operation of the equipment requires 
a magnetic starter to repeatedly open stalled 
motor current, such as plug-stop or such as jogging 
(inching) duty requiring continuous operation at a 
rate in excess of five per minute, the starters used 
shall be rated in accord with Table V. 
E15.3.4 When conditions permit and approval is 
given by the purchaser, several motors may 
be controlled by one starter if a separate overload 
device is provided for each motor. Other paragraphs 
of this Standard shall be complied with. 
E15.3.5 All polyphase motor starters shall be of the 
magnetic type and shall not be smaller than 
NEMA size 1. 


E.16 CONTROL ENCLOSURES 
AND COMPARTMENTS 


E16.1 Control Enclosures cnd Controls 


E16.1.1 Control Enclosure Requirements. Control 

enclosures shall conform to NEMA type 12 
and shall comply with the requirements of the Under- 
writers’ Laboratories Standards for Industrial Control 
Equipment, UL508, and NEMA Standards for Indus- 
trial Control, IC 1-Para., IC 1-2.62H. Enclosures should 
also comply with other applicable paragraphs of this 
JIC Standard. 


E16.1.2 Definitions of Enclosures and Compart- 
ments. 
A. For the purpose of these Standards, the 
word “enclosures” means the metal housing 
for the control panel, whether mounted on the indus- 
trial equipment or separately mounted. 
B. A “compartment” is a space within the 
space, frame, or column of the industrial 
equipment. 
C. Small enclosures are defined as those 
accommodating a panel having less than 
1500 sq in. 
D. Large enclosures are defined as those 
accommodating a panel having 1500 sq in. 
or more of area. 
E16.2 Design Requirements 
E16.2.1 Doors shall not exceed 36 in. in width. 
E16.2.2 Door swing shall be a minimum of 165 deg. 
E16.2.3 All doors on multiple-door enclosures shall be 
interlocked simultaneously with the door con- 
taining the main-line disconnect handle. Progressive 
interlocking, door-to-door, shall not be used. 
E16.2.4 The height and width of the door opening 
should be at least one inch greater than the 
corresponding height and width of the control panel 
to be enclosed. 
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Table Vi—Metal Thicknesses for Walls and Doors 
of Enclosures or Compartments 








Maximum Equivalent 
area of any Maximum Minimum manufacturers’ 
surface dimension thickness standard gage 
sq in. in, of metal, in. (MS) 
12 0.075 14 
Sek 18 0.075 14 
360 24 0.075 14 
1200 48 0.075 14 
1500 60 0.106 12 
over 1500 ‘ 0.132 10 








A permanent metal data pocket shall be attached to the 
inside of the enclosure or compartment. If space per- 
mits, it should be at least 10% in. wide and of adequate 
depth and thickness to accommodate all diagrams as 
listed in Paragraph 11.1.1. 
E16.2.5 The depth of the enclosure or compartment 
should be a minimum consistent with the 
maximum depth of the control devices plus the re- 
quired electrical clearances. 
E16.2.6 The thicknesses of materials used for walls 
and doors of enclosures or compartments 
shall conform to Underwriters’ Laboratories Standards 
for Industrial Control Equipment, No. 508 as shown 
in Table VI, but should be no less than No. 14 USS 
gage (0.075 in.) if of sheet steel. 
E16.2.7 There shall be no holes in the enclosure for 
mounting the enclosure or mounting controls 
within the enclosure. There shall be no conduits or 
knockout holes through the enclosure for mounting 
components within the enclosure, except as provided 
in Paragraph 17.2.2 B. Conduits or wireway openings 
shall be cut only as required. The equipment builder 
shall cut only those holes required for his conduit, 
except that there may be one additional hole in the 
side or bottom for the line, inserted when tested. Such 
additional holes in sheet metal enclosure shall be 
adequately sealed prior to shipment. Other equipment 
shall not be mounted on exterior of the control en- 
closure unless specified by the purchaser. 


E16.2.8 Mounting feet, or other suitable means, ex- 

ternal to the enclosure shall be provided for 
enclosures mounted on the machine. Separately 
mounted enclosures shall be free standing. 


E16.2.9 Door Fasteners. 


A. Door fasteners on small enclosures shall 

be designed to tightly seal the door around 
its perimeter without penetrating the control compart- 
ment or enclosure. All parts of such fasteners shall 
remain captive when the door is opened. Vault-type 
hardware, which latches simultaneously at the top and 
the bottom of the door may be used. 


B. Large enclosures shall be equipped with 

vault-type hardware which latches simulta- 
neously at the top, center and bottom of the enclosure. 
Such hardware shall tightly seal the door around its 
perimeter. The handle assembly shall accommodate 
a padlock. 


E16.2.10 Enclosures or compartments shall be NEMA 
type 12, non-ventilated, except for resistor, 
electronic tube or transformer enclosure requiring 
ventilation. However, where heating from control de- 
vices results in a temperature rise detrimental to the 
contained equipment or its operation, forced filtered- 
air ventilation or forced circulated air shall be used. 
Any ventilating opening shall be so designed to 
prevent the entrance of any deleterious substance. 
When forced air ventilation is required, the cabinets 
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shall be pressurized. 
E16.2.11 Compartments for built-in controls shall be 
completely isolated from coolant and oil 
reservoirs. The compartments shall be readily acces- 
sible and completely enclosed. They shall not be con- 
sidered enclosed if it is opened to the floor, the 
foundation upon which the industrial equipment rests, 
or to other compartments of the industrial equipment 
which are not clean and dry. Where ventilation is 
required, the requirements of the preceding paragraph 
shall apply. 
£16.2.12 Compartment doors and enclosures shall be 
so designed and have sufficient rigidity to 
insure continuing proper alignment between mating 
parts such as disconnect mechanisms, door fasteners, 
etc. Door aligning guides may be used to insure align- 
ment, and reinforcements shall be used as necessary 
to prevent door warpage. 


E16.3 Interior Lighting 


E16.3.1 Interior lighting shall be provided in all large 

enclosures. Fluorescent lamps of the single- 
strip type shall be used. Fixtures shall be mounted 
along the top of the enclosure. They shall not be 
mounted on the electrical control panel. 


E16.3.2 The 115-volt ac power source for the lamp 
or lamps shall be supplied by the purchaser. 
A lamp switch shall be provided for each door. 


E16.4 Recommended Construction 


E16.4.1 Doors on large enclosures should be rein- 
forced to prevent door warpage. Welded 

construction should be used. 

E16.4.2 Continuous piano hinges are preferred on all 
enclosure doors. 


E16.4.3 Where separate hinges are used, they should 
be a minimum of 3 in. in length and 2 in. in 
width and meet the following specifications: Hinges 
shall be made of steel and should have not less than 
five knuckles each. Individual hinges should be welded 
to enclosure and door. All doors, 36 in. in length and 
longer, should have a minimum of three hinges. 


E16.5 Furnace and Oven Equipment. Furnace and 
(F) oven equipment shall conform to Paragraph 
16.2, insofar as practicable. Temperature con- 
trol and heating element contactors may be mounted 
separately. 
E16.6 Welding Controls. Welding controls shall 
(W) conform to Paragraph 16.2, except that the 
welding-current and cycle-timing controls 
may be mounted in separate enclosures. 


E17. LOCATION 
AND MOUNTING 
OF CONTROL EQUIPMENT 


E17.1 General 
E17.1.1 All control equipment external to the control 
enclosure shall be kept above the operating 
floor line of the industrial equipment as much as prac- 
ticable and shall be readily accessible. 
E17.1.2 All terminals and parts of devices external 
to the control enclosure, normally serviced or 
inspected, shall be mounted not less than 8 in. above 
the operating floor line of the industrial equipment. 
This is recommended as a minimum specification for 
best accessibility and should be exceeded insofar as 
practicable. 
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E17.1.3 Control enclosure and devices shall not be 
mounted in a position that will interfere with 

machine adjustments or maintenance of hydraulic or 

mechanical equipment, or vice versa. 

E17.1.4 All devices with or without manual adjust- 
ments for controlling air, hydraulic and 

mechanical apparatus shall not be located in the same 

enclosure or compartment with controls. 

E17.2 Control Panels 

E17.2.1 All control devices normally panel mounted 
for any one piece of industrial equipment 

shall be mounted in one enclosure or compartment 

instead of in several enclosures or compartments at 

different locations on the industrial equipment. 


E17.2.2 A. All front-of-board mounted starters, con- 

tactors and other control devices shall be 
mounted on a rigid panel in such a manner that the 
complete control panel can be removed through the 
enclosure opening. Such panel shall be a minimum of 
No. 12 USS gage (0.106 in.) for device mounting 
screws 4 in. or smaller. Additional reinforcement or 
heavier gage panels shall be provided where larger 
device mounting screws are required. All device mount- 
ing screws shall have American National form of 
thread. All devices shall be removable from the front. 
Nuts shall not be used behind the panel to secure com- 


ponents. No components shall be mounted behind door 
pillars. 


B. Control equipment shall not be door or 

side mounted, except for devices such as: 
pushbuttons, selector switches and pilot lights, con- 
trolled by operator. 


C. Intermediate panel between door of com- 

partment or enclosure, or similar back-con- 
nected panel, shall not be permitted, except on elec- 
tronic or comparable control. 


E17.2.3 Any device or devices mounted on the control 

panel carrying line voltage or a combination 
of line voltage and control voltage, shall be grouped 
above or to the side and segregated from devices which 
carry only the control voltage. This need not apply 
when the line voltage is 115 volts. In no case shall any 
device be mounted directly above the disconnecting 
means. 


E17.2.4 A. The terminal blocks shall not be stacked 
above each other. 


B. Power and control voltages shall be on 
separate terminal strips. 


E17.2.5 Space shall be provided adjacent to all devices 
mounted on the control panel to allow for 
maintenance. 


E17.2.6 Aluminum of 15 per cent of clear panel 

mounting space shall be provided for large 
panels, and 80 per cent for small panels to permit 
adding future control devices. 


E17.3. Control Panel Enclosure 

E17.3.1 The enclosure shall be mounted in such a 
manner and position as to guard it against 

oil, dirt, coolant, and dust and so as to minimize the 

possibility of damage from floor trucks or other mov- 

ing equipment. 


E17.3.2 The panel shall not be set to such depth from 


door frame or other projecting portion of 
equipment as to interfere with inspection and servicing. 


E17.3.3 No portion of the equipment immediately 

above the door opening and less than 6 ft 
from the floor should project more than 6 in. beyond 
the door frame. 
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E17.3.4 When enclosure is mounted on the machine, 
the bottom of the enclosure shall be two feet 
or more above the floor. When separately mounted, 
the bottom of the lowest device shall be not less than 
18 in. above the operating floor line. If the control 
panel is mounted in a compartment, the bottom of 
the panel shall be 2 ft or more above the floor. 
E17.3.5 The distance from bottom of panel to floor, 
and height and width of door opening shall 
be adequate and convenient for servicing. 
E17.4 Clearances in Enclosures 


E17.4.1 Enclosures or compartments for mounting 
control panels shall provide ample room 
between panel and case for proper maintenance and 
wiring to terminals. 
E17.4.2 Exposed, non-arcing, current-carrying parts 
within an enclosure or compartment shall 
have an air space between them and the uninsulated 
walls of the enclosure or compartment, other than the 
device mounting plate or panel, including the conduit 
fittings, of at least 1 in. for 600 volts or less. When 
barriers between metal enclosures or compartments 
and arcing parts of control are required, they shall be 


of insulating materials which will not readily car- 
bonize. 


E17.5 Miscellaneous Control Equipment 
E17.5.1 Control equipment such as limit switches, 
brakes, solenoids, pushbutton stations, etc., 
shall be mounted rigidly in a readily accessible and 
reasonably dry and clean location, and free from pos- 
sibility of accidental operation by normal movement 
of machine components or operator. It shall be mounted 
with enough clearance from surrounding surfaces .se 
as to make removal and replacements easily possible. 
E17.5.2 All limit switches shall be installed so that 
accidental over-travel will not damage them. 
E17.5.3 Solenoids shall not be submerged in oil unless 
such oil is required for the proper operation 
of the solenoid and the solenoid is sealed in an integral 
container. 
£17.5.4 AM control contacts operated by slow moving 
mechanisms shal] be of the quick make and 
break type when used on under-voltage release (two 
wire) circuits. This does not apply to pushbuttons or 
selector switches. 


E18. OPERATORS 
CONTROL STATIONS 
AND EQUIPMENT 


E18.1 Pushbutton, Selector Switch and 


Indicating Light Specifications 
E18.1.1 A. All pushbutton and selector switch oper- 
ators and indicating lights shall be of the 
oil-tight type. All indicating lights shall be of the 
push-to-test type, powered by individual transformers 
mounted integrally with the lamp base. The secondary 


voltage shall be less than 6 volts for use with 6 volt 
lamps. 


B. No pilot light or primary of the pilot 
light transformer shall be in series with any 
operating coil. 
£18.1.2* Drum or cam type switches and toggle 
switches should be oil tight. 


*This specification was written as a guide in indicating the type of 
engineering that is considered to be desirable in new developments 
and in the re-engineering of equipment. 
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E18.1.3 Emergency operators shall be of the palm or 
mushroom type. 
E18.1.4 The following color coding shall be used: 
STOP — RED 
RETURN — YELLOW 
E18.1.5 Palm or mushroom type buttons shall not be 
used in start circuits unless two or more are 
connected in series and so located that they must be 
operated with two hands. 
E18.2 Fixed Stations. Fixed control stations shall 
be dust, moisture and oil tight, complete with 
metal enclosure and cover. 
E18.3. Arrangement of Control Station 
Components 


E18.3.1 All “START” buttons shall be mounted above 

or to the left of their associated “STOP” 
buttons. This does not apply to “START” buttons in 
series such as operating buttons on punch presses. 
E18.3.2 Nameplates shall be provided for all control 

station components and located so that they 
can be easily read by the equipment operator from his 
normal work position. 


E18.4 Location of Control Stations 

E18.4.1 All stations shall be mounted in a reasonably 
clean and dry location. 

E18.4.2 Control shall be within easy reach of the 
equipment operator, and shall be placed so 

that the equipment operator does not have to reach 

past spindles or other moving parts which might cause 

injury. 

E18.4.3 Controls shall be free from possibility of 
accidental operation by normal movement of 

the equipment or operator. 

E18.4.4 All pushbuttons shall be mounted so that 
their movement is in a plane not greater than 

30 deg from the horizontal plane. 

E18.5 Pendant Stations 


E18.5.1 Pendant stations shall use oil-tight controls 
and enclosures. 

E18.5.2 Emergency stop controls may use a wobble 
stick or rod operator at the bottom of the 

station. 


E18.6 Transfer Type Machines and Automatic 
Equipment 
E18.6.1 Indicating lamps shall be provided to show 
position of mechanical components such as 
clamps, transfer, etc. These lamps shall be mounted in 
the operator’s control station and arranged in ac- 
cordance with the sequence of operations. 
E18.6.2 Pushbuttons shall be provided and mounted 
in the operator’s main control station to 
allow complete manual operation in accordance with 
the sequence of operations. Manual stations for indi- 
vidual heads shall be located at each station. The 
“Manual-Automatic” selector switch at the local sta- 
tion shall be interlocked with the main control station 
to prevent operation from the main control station. 


E19. ELECTRICAL 
ACCESSORIES 


E19.1 


Plugs and Receptacles 

E19.1.1 Plugs and receptacles shall be of a locking 
type to prevent accidental disconnections and 

shall be of a type approved for the voltage applied. 

When used, they shall be skirted and shall be so con- 

structed that the poles are not exposed and any arc 


JUNE 1957 


ea Ee ee Luts 


will be contained. They shall be provided with gaskets 
to prevent entrance of oil or moisture when in operat- 
ing position. Means shall be provided to effectively seal 
the receptacle whenever the plug is removed. 


E19.1.2 Plugs and receptacles shall be provided with 

a grounding pole and shall be constructed so 
that the grounding pole will be made before any cur- 
rent-carrying poles are made and shall not be broken 
until all current-carrying poles of the plug have been 
disconnected. Where one pole of a plug or receptacle 
is marked “ground,” it shall not be used as a current- 
carrying pole. 

E19.1.3 Make and types of plugs and receptacles shall 

be approved by the purchaser. 

E19.2 Equipment Work Lights 

E19.2.1 The lighting circuit voltage shall not exceed 

150 volts between conductors. 
E19.2.2 Work lights shall be supplied from a separate 
isolating transformer connected to the load 
side of the industrial equipment disconnecting device 
and shall have overcurrent protection in the secondary 
circuit, unless either of the following provisions are 
complied with: 

a. Work lights may be connected to the 115 volt control 
circuit if separate overcurrent protection is provided 
for the lighting circuit. 

. Work lights required when the equipment power 
supply is disconnected shall be connected to the 
plant lighting circuit. In no case shall the equip- 
ment lighting circuit be connected to the line side 
of the equipment disconnecting device unless a 
separately enclosed disconnecting device with over- 
current protection is provided. 

E19.2.3 The conductors to stationary or built-in work 

lights shall conform to Section 20, Conduc- 
tors. However, the conductors within the fixtures shall 
not be smaller than No. 18 AWG. 

E19.2.4 Flexible cords shall conform to Paragraph 

20.6. 
E19.2.5 For grounding provisions, see Paragraph 
24.2. 

E19.2.6 Incandescent lampholders shall be of the 

medium-base screw-shell type. They shall not 

contain a switch and shall be rated at 660 watts, 250 

volts. 

The lampholders shall not incorporate a receptacle for 

attachment of portable cords. 


E20. CONDUCTORS 


E20.1 Wire Specifications 
E20.1.1 Conductors shall be annealed copper, all sizes 
being stranded Class C, 19 strands for No. 14 
AWG wire, or Class K, 41 strands for No. 14 AWG 
wire, and shall conform to the latest revision of ASTM 
Standard Designation B8 or B174. 
E20.1.2 The conductor insulating material shall be 
a thermoplastic compound with a thickness 
no less than or a maximum diameter greater than 
specified in Table VII. It shall be water and oil re- 
sisting, flame retardant synthetic material such as 
polyvinyl compounds, meeting the physical and elec- 
trical requirements of the latest revision of ASTM 
Standards Designation D734 with a maximum operat- 
ing temperature rating of at least 80 C (176 F) in air 
and 60 C (140 F) in the presence of water, oil or 
coolant, for a single conductor. 
E20.1.3 There shall be no additional covering over 
the thermoplastic insulation. Any surface 
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Table Vii—Thickness of Thermoplastic 
Conductor Wire Insulation 


Maximum OD 


in. 


Wire size 


AWG or MCM 


14 
12 
10 


Insulation thickness, 
64ths in. 


| 

0.178 
0.197 
0.291 
0.252 
0.283 
0.321 
0.370 
0.402 
0.432 
0.513 
0.546 
0.593 
0.645 
0.702 


1/0 
2/0 

3/0 | 
4/0 
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Table Vill—Conductor Current-Carrying Capacity 


Ampere 
rating 


Wire size 

AWG or MCM 
4/0 138 
250 151 
300 168 
182 

196 

224 

248 

269 

280 

286 

304 

319 


Ampere 
rating 


Wire size 
AWG or MCM 


wr 
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lubricant shall not flake off. Fumes, if any from such 
surface lubricant, shall not affect insulation, conduit, 
coils or contacts on electrical equipment in which or 
near which it is used. 


E20.1.4 The insulation on wire shall have a readily 
identifiable, continuous, permanent marking 
to indicate machine tool wire, voltage, size and the 
manufacturer. The insulation or spool shall also be 
marked or tagged with maximum working voltage, the 
words “National Electrical Code Standard,” and 
marked as having Underwriters’ approval for use in 
wet and oily locations. 
E20.2 Special Insulations 
E20.2.1 Where required by ambient conditions, other 
conductor insulating material should be used. 
Special insulation “shall be used for conductors flexed 
at temperatures below minus 10 C (14 F). 
E20.2.2 Insulation less than %4 in. thick and other 
than thermoplastic may be used on AWG 
No. 16 to 22 wires, permitted within electronic or 
precision devices. 
E20.2.3 Mineral insulated metal sheathed cable (MI) 
may be used. 
E20.2.4 All wiring in and external to panels used on 
or adjacent to high heat generating equip- 
ment such as furnaces, ovens, heat treating equip- 
ment, etc., shall have Underwriters’ approved type 
AVA insulation, unless otherwise specified by the 
purchaser. 
E20.2.5 Wiring for electronic or precision devices, 
whether internal or external to the control 
enclosure, may be of such types as are necessary for 
the proper functioning of the equipment. 


E20.3 Insulation Voltage Ratings 


£20.3.1 All conductors and multi-conductor cable 
used on industrial equipment shall have in- 
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sulation rated at 600 volts as approved by Under- 

writers’ Laboratories, except as shown in the following 

paragraph. 

E20.3.2 On the internal wiring for electronic panels 
or precision devices, wire shall have insula- 

tion adequate for the maximum voltage on that wire. 

In no case shall insulation less than 300 volt be used. 

E20.4 Current-Carrying Capacity 

E20.4.1 Current-carrying capacities of conductors 
shall not exceed limits specified in Tables I 


and II and applicable notes of the National Electrical 
Code. 


E20.4.2 The allowable current-carrying capacity of 
conductors in raceways containing more than 
six conductors with ambient temperature not greater 
than 40 C (104 F) and wires or conduit not close to 
heat dissipating components, shall not exceed the 
limits specified in Table VIII. These current capacities 
have been de-rated for the number of wires in race- 
ways according to Table IX in Paragraph 22.1.6. 


E20.5 Minimum Size of Conductors. Power and 

control conductors on or in industrial equip- 
ment shall not be smaller than No. 14 AWG, except 
as follows: 

a. Conductors in flexible non-metallic covered multi- 
conductor control cable to continuously moving 
parts may be No. 16 if all such conductors are 
insulated for the maximum voltage on any conductor 
in the cable. 

b. Conductors on electronic and precision devices shall 
not be smaller than No. 22. 


E20.5.1 Power and control conductors on or in presses 
(P) shall not be smaller than No. 12 AWG. 


E20.6 Multi-Conductor Cables. Multi-conductor 
cables shall be of an Underwriters’ Labora- 

tories approved industrial type, oil resistant, extra 

flexible, non-metallic covered. Conductors shall con- 

form to Paragraphs 20.1.1, 20.1.2, and 21.3.4. 

E20.6.1 All fittings used with multi-conductor cable 
shall be liquid tight. 


E21. WIRING METHODS 
AND PRACTICES 


E21.1 General 


E21.1.1 All wires shall be identified at each termina- 

tion by marking with a number to correspond 
with the diagrams and shall be color coded as follows: 
a. Line and load circuits, ac or dc power — Black 
b. Ac control circuits — Red 

». De control circuits — Blue 

. Interlock control circuits on the panel — Yellow 
energized from external source 

». Equipment grounding conductors — Green 

. Current-carrying grounded conductor — White 

. Control circuits at line voltage, such as brake leads 
connected to motor terminals, shall be black. 

. Additional colors may be used to facilitate identifi- 
cation between control panel and devices on the 
industrial equipment, except that black shall be 
used for all wiring at line voltage. 

Note: Deviations from this scheme may be made on: 
1. Internal wiring on individual devices purchased 
completely wired. 
2. Where insulation is used that is not commercially 
available in the colors required. 
E21.1.2 Wires shall run continuously from one piece 
of apparatus to another without any splice 
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in conduit or junction boxes. Multiple control connec- 
tions shall be made on terminal boards which shall be 


an in junction boxes described in Paragraph 
A, 


E21.1.3 Taped connections shall be covered with oil 

resistant adhesive tape, conforming with 
Military Specification MIL I-7798A, which will not 
support combustion. 


E21.1.4 Underwriters’ Laboratories approved pres- 
J sure connectors shall be used to make con- 
nections. Soldered type lugs are not acceptable. 


E21.1.5 All terminals shall be plainly and durably 

marked to correspond with the markings 
on the electrical diagrams. Terminal blocks shall be 
numbered in numerical ascending order, starting from 
top to bottom or from left to right. 


E21.1.6 Armored cable shall not be used. 


E21.1.7 There shall be no exposed terminals external 


to control enclosures, compartments and 
junction boxes. 


E21.1.8 Wiring within electronic control panels is not 
covered by these Standards, except as spe- 
cifically stated. 


E21.1.9 Power wiring external to the control panel 

shall be adequate for the next larger horse- 
power motor. In no case shall wire sizes connected to 
the controller as specified in Table III of Paragraph 
13.5.3 A be exceeded. 


E21.2 Panel Wiring 


E21.2.1 Panel wires shall be supported mechanically 
where necessary to keep them in place. Panel 


wireways, where used, shall not exceed 60 per cent area 
fill. 


E21.2.2 All control devices mounted on the panel 

shall be front connected and front wired 
except such direct current and large alternating cur- 
rent equipment as is not commercially available for 
front connection. For back-connected devices, back 
compartment doors or swingout panels, which swing 
horizontally, shall be furnished. 


E21.2.3 Multiple-device control panels shall be 
equipped with terminal blocks for all out- 
going wires of No. 4 AWG and lesser circular mil area. 


E21.2.4 A. Panel wiring should be contained in 
panel wireways. 


B. If such wireways are used, the material 

of which they are made shall not support 
combustion. They shall be made of non-warping, insu- 
lating material rated for the highest voltage applied 
to any conductor contained. The wireway shall not 
contain exposed metal parts, except for the mounting 
screws where used. 


E21.3. Equipment Wiring 


E21.3.1 All wiring and wiring connections external 
to the control panel enclosure shall be totally 
enclosed in suitable metal raceways or enclosures as 
described in Section 22, except as otherwise permitted 
in the following paragraphs. 
E21.3.2 Liquid tight flexible metal conduit or non- 
metallic extra flexible multi-conductor cable 
having an oil resistant synthetic jacket of industrial 
quality shall be used where necessary to employ 
flexible connections to pendant pushbutton stations. 
The weight of pendant pushbutton stations shall be 
supported by means other than the flexible conduit or 
cable. 
E21.3.3 Liquid tight flexible conduit and fittings shall 
be used for connections involving small or 
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infrequent movements. It shall also be used to com- 
plete the connection to normally stationary motors, 
limit switches, and other externally mounted devices 
for which the length shall not exceed 3 ft. 
E21.3.4 Wiring connections to continuously moving 
parts of industrial equipment shall be of 
approved type multi-conductor cable or liquid-tight 
flexible conduit not exceeding 114 in., trade size, with 
extra-flexible conductors having a minimum of class K 
stranding (41 strands for No. 14 AWG wire). Flexible 
cable and conduit shall have vertical connections such 
that the resultant cable or conduit shall be in the form 
of the letter “U” or “J” and shall have sufficient slack 
to avoid sharp flexing and straining. Horizontal con- 
nections are acceptable only if flexible cable or conduit 
is adequately supported. 
E21.3.5 When flexible conduit or cable is adjacent to 
moving parts, the construction and support- 
ing means shall be such that there will be a space of at 
least one inch between any moving parts and the 
flexible conduit or cable under all conditions of opera- 
tion, or barriers shall be provided. 
E21.3.6 All conductors of a power circuit shall be 
contained in the same raceway. So far as 
is practicable, all conductors of any individual control 
circuit shall be contained in the same raceway. 
E21.3.7 Conductors carrying alternating current and 
conductors carrying direct current, or carry- 
ing different voltages, may occupy the same raceway 
provided all are insulated for the maximum voltage 
of any conductor in the raceway. 


E21.3.8 Where equipment must be removed under 

certain operating conditions, it may be con- 
nected through a polarized plug and receptacle, pro- 
vided a grounding pole is used. The male plug shall be 
connected to the load circuit. Power and control shall 
not be carried in the same plug. 


E21.3.9 When industrial equipment is so constructed 
that wiring must be disconnected for ship- 
ment, terminal blocks, meeting Paragraph 21.1.5, in 
an accessible enclosure, meeting Paragraph 22.4, shall 
be provided at the sectional points. 
E21.3.10 All sharp edges, burrs, rough surfaces, or 
threads with which the insulation of the wire 
may come in contact shall be removed from conduit 
fittings, conduit, raceways, or any other parts. 
E21.3.11 Raceways integral with machine bases or 
columns shall be arranged so as to drain to 
convenient points, and 14 in. openings shall be pro- 
vided at such points to permit drainage of oil or 
moisture. 
£21.3.12 All wiring external to the control panel en- 
closure shall have a termination at the ter- 
minal blocks on the control panel. At least one wire 
shall be returned to the control panel from a connec- 
tion between limit switches, pushbuttons or other 
devices connected in series, and shown as a test point 
on the elementary diagram. 


E22. RACEWAYS AND 
JUNCTION BOXES 


E22.1 Rigid Metal Conduit 

E22.1.1 Rigid metal heavy wall conduit shall be of 
a corrosion resistant type approved by the 

Underwriters’ Laboratories. It shall be protected 

against corrosion inside and outside, except at thread 

joints. Enamel coated conduit is not acceptable. 
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Table 1X—Number of Conductors in 
Conduit and Wireways* 


No. 14 wire, 
3/64 in. 3/64 in. 
insulation, Conduit-C insulation, 
max. OD or max. 
0.178 in. Wireway-W 0.178 in. 


Maximum no. 


No. 14 wire, 
Conduit-C 


or 
Wireway-W 


Size, in. Maximum no. 
3x3-W 144 
3%-C 160 
4-C 200 
4X4-W 260 
5-C 320 
5x<5-W 400 
6-C 465 
6X6-W 580 


*When wires larger than No. 14 are used, determine equivalent number of No. 14 
wires by multiplying number of wires of sizes larger than No. 14 by conductor— 
equivalent from Table X. Add the result to the number of No 
total for selecting size of conduit from Table IX. 


Table X—Conductor Equivalents 


14 wires and use 


Equivalent 
No. 14 3/64 in. 
insulation 
wires 


Conductor 


size, 
AWG or MCM 


Insulation 
thickness 
6A4ths in. 
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3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
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Table Xi—Minimum Radii of Conduit Bends 


Size of conduit, in. Radius of conduit bends, in. 


% 
1 
1% 
1% 


E22.1.2 No conduit smaller than ™% in., electrical 
trade-size, shall be used. 
E22.1.3 Unless structural difficulties prevent, fittings 
shall be threaded. They shall be made of 
malleable or ductile iron and have impact strength 
comparable to that of the conduit. 
E22.1.4 Running threads shall not be used on conduit. 
E22.1.5 All conduits shall be securely held in place 
in accordance with the National Electrical 
Code (NEC) and supported at each end. Where thread- 
less fittings must be used, due to difficulty in assembly, 
conduit shall be fastened to the industrial equipment 
so that it cannot be accidentally pulled out of the 
fitting. 
£22.1.6 The number of wires used in conduit and 
wireways shall not exceed the maximum 
values listed in Table IX. 
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E22.1.7 Where conduit terminates in a threadless 
opening at a junction box, control cabinet, 
or similar enclosure, a locknut shall be provided both 
inside and outside the enclosure and the conduit end 
shall be equipped with a bushing providing a smoothly 
rounded insulating surface. Between the outside lock- 
nut and enclosure, a suitable gasket and gasket re- 
tainer (such as an oil-resistant synthetic rubber O-ring 
and a metal cup) shall be provided to prevent the 
entrance of foreign material into the enclosure. When 
the conduit enters the box or cabinet through a conduit 
fitting or connector, the shoulder of same may serve 
as the outside locknut. All fittings shall provide a posi- 
tive and permanent ground connection. 
E22.1.8 Bends of rigid conduit shall be made so that 
the conduit will not be damaged and that the 
internal diameter of the conduit will not be effectively 
reduced. The radius of the curve of the inner edge 
of any field bend shall not be less than shown in 
Table XI. 


E22.1.9 The openings of all conduit fittings shall be 
readily accessible. 


E22.2  Liquid-Tight Flexible Metal Conduit 
E22.2.1 Liquid-tight flexible metal conduit shall con- 
sist of an oil-resistant, liquid-tight jacket or 
lining in combination with flexible metal reinforcing 
tubing. Such conduit shall be installed in a manner 
that liquids will tend to run off the surface instead 
of draining toward the fittings. 
E22.2.2 Connectors for liquid-tight flexible metal 
conduit shall be made of metal and shall meet 
all the requirements of the Underwriters’ Laboratories 
for this type of connector, when assembled to the con- 
duit. They shall have sufficient thread-length to ac- 
commodate a gasket-assembly, a box wall thickness of 
0.125 in. and locknut and a bushing. The metal rein- 
forcing tubing shall make good electrical contact with 
the connectors. 
E22.2.3 The maximum number of conductors in a 
single run of liquid-tight flexible metal con- 
duit shall not exceed the number allowed in Table IX 
of Paragraph 22.1.6. 
E22.3. Compartments and Raceways 
E22.3.1 Compartments or raceways within the column 
or base of industrial equipment may be used 
to enclose conductors provided the compartment or 
raceway is isolated from coolant and oil reservoirs, is 
entirely enclosed, and is clean and dry. Conductors 
run in enclosed compartments and raceways within the 
base or column of industrial equipment shall be se- 
cured and so arranged that they will not be subject 
to mechanical damage or abrasion. General purpose 
flexible conduit may be used as additional protection 
in compartments and raceways if fastened at each end 
to a junction box. 
E22.4 Junction and Motor Terminal Boxes 
E22.4.1 Junction boxes and motor terminal boxes 
shall not have knock-outs and shall be pro- 
vided with gasketed covers. All junction boxes shall be 
liquid tight. 
E22.4.2 Mounting means external to the junction 
compartment shall be provided. 
£22.4.3 Motor terminal boxes shall conform to Para- 
graph 22.4.1 and shall not be used as general 
purpose junction boxes for wiring to solenoid valves, 
limit switches, etc. Terminals from motor brakes may 
be connected in the motor terminal box if the brake 
is connected directly to the motor leads and has no 
other connections. 


£22.4.4 Junction boxes shall be readily accessible. 
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E22.5 Wireways 

E22.5.1 Exterior horizontal wireways may be used 
when rigidly supported above and clear of 

all operating or contaminating portions of the indus- 

trial equipment. Such wireways shall include the 

following. 

E22.5.2 Metal thickness shall be a minimum of 0.075 
in. (No. 14 USS gage). 

E22.5.3 Covers shall be on top of wireway and shaped 
so as to overlap sides. Covers shall be at- 

tached to wireway by hinges and held closed by means 

of captive screws or other suitable fasteners. Gaskets 

for covers shall conform to Paragraph 26.1. 

£22.5.4 If wireway is furnished in section, the joints 
between sections shall fit tightly, including 

covers, and shall be complete with gaskets. 

E22.5.5 Only such openings as are required for wir- 
ing the equipment shall be provided. Wire- 

ways with unused knockouts will not be acceptable. 

£22.5.6 Corners, bends, edges, etc., shall have all 
burrs removed in accordance with Paragraph 

21.38.10. Additional protection shall be provided for 

conductor insulation at all sharp bends and drop points. 

Such protection may consist of fibre, plastic, or other 

material covering the edge or corner with sufficient 

radius to prevent piercing of insulation. 

E22.5.7 The number of wires used in wireways shall 


not exceed 40 per cent of cross-sectional 
area fill. 


E23. MOTORS 


E23.1 Standards 


E23.1.1 Motors shall meet the requirements of the 

latest revision of ASA Standards C6.1 
(Terminal Markings for Electrical Apparatus), C50 
(Rotating Electrical Machinery), NEMA Standards 
MG-1 1955 (Motors and Generators). 


E23.2 Type of Motor 


£23.2.1 All ac motors shall be standard design B, 

foot mounted, single-end shaft anti-friction 

bearing, except as provided for in Paragraph 23.2.3. 

Motors up to and including 100 hp, 1800 rpm, are to be 

totally enclosed, fan cooled, except motors less than 

2 hp, 1800 rpm need not be fan cooled. Where poly- 

phase power is available, motors %4 hp and larger shall 

be polyphase. 

E23.2.2 All integral horsepower ac motors, frame 

505S or smaller, but not to exceed 100 hp, 

1800 rpm, except multi-speed motors, shall be for 

220-440 volts, unless other voltage is specified. 

£23.2.3 The use of the following shall have pur- 

chaser’s approval in writing: 

a. Ring (flange) mounted motors either vertical or 
horizontal. 

. Motors with machined end plates. 

. Shaftless motors. 

. Gear head motors. 

. Double shaft motors. 

. Special length shaft motors. 

. Any motors not a complete NEMA frame. 

. Totally enclosed motors in frame sizes different 
from the NEMA standard fan-cooled frame size for 
a given rating. 

i. Motors that do not have performance and quality 
standards at least equal to those of the latest NEMA 
Standards. 

j. All other than anti-friction bearing motors. 

k. Other than separate base mounted brakes. 
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]. Multi-speed motors. 

m. Short-time rated motors. 

. Motors with electrically operated clutches. 
Special windings in motors for braking. 

. Auxiliary ventilating motors. 

Motors other than design B. 

Motors of special design or performance. 
Direct current motors. 

E23.3. Mounting of Motors 


E23.3.1 Each motor shall be mounted where it is 
readily accessible for maintenance and is not 
subject to damage. All motor-driven couplings, belts 
and chains shall be easily replaceable. 
E23.3.2 The motor mounting arrangement shall be 
such that all motor hold-down bolts can be 
easily removed and replaced and conduit boxes easily 
reached. Motors with permanently sealed bearings 
shall be so indicated on a nameplate. 
E23.3.3 Motor compartments shall be clean and dry 
and adequately vented direct to the exterior 
of the equipment. All openings shall be of such height 
above the floor and be protected to such an extent that 
dirt, chips, etc., cannot enter at such times as when 
the floor is swept or washed or the equipment is 
cleaned. Unless other compartments meet the require- 
ments of the motor compartment, there shall be no 
openings of any kind between the motor compartment, 
and any other compartment of the equipment. If a 
conduit or pipe is run into the motor compartment 
from another compartment not meeting the motor 
compartment requirements, any clearance around the 
conduit or pipe shall be sealed. 
E23.3.4 All rigidly-coupled foot-mounted motors shall 
be properly aligned and doweled in place. 
Motor mounting plate shall be of such dimensions that 
if height of motor from bottom of foot to centerline 
of shaft is the maximum permitted by NEMA standard 
dimensions, motor can be inserted without fitting. 
E23.3.5 Flange-mounted motors need not be doweled 
if otherwise positively held in alignment. 
Type D flange motors should be used in preference 
to other types of flange motors wherever possible. 
E23.3.6 Motor compartment or mounting space shall 
be of sufficient size to accommodate a NEMA 
frame size motor, complete with conduit box, two 
NEMA horsepower sizes larger, at the same speed, 
than that recommended by the industrial equipment 
builder for driving the equipment. 
E23.4 Direction Arrow. A permanent metal direc- 
tion arrow to indicate proper direction of 
rotation of each motor shall be provided. Arrow shall 
not be mounted on motor. 
E23.5 Balance and Insulation 
E23.5.1 Static and dynamic balance and noise control 
shall be limited to elimination of machine 
trouble from these sources. In no case shall the degree 
of balance be less than specified in NEMA MG1-4.22 
and MG1-4.23. 
E23.5.2 Specially balanced motors or those having 
special insulation shall be so indicated on 
the motor nameplate or plates and on stock list. 


E24. GROUNDING 


E24.1 Control Circuits 


E24.1.1 Provision shall be made for grounding one 

side of the control circuit to the machine. 
The wiring diagram shall show the location of the 
grounding connection with the notation: “To be 
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grounded by user if conditions permit.” It shall then 


be the responsibility of the user to ground the circuits 
if the local Electrical Code so requires. 


E24.1.2 Exposed control circuits operating at 25 volts 
or less shall be grounded. (See Par. 14.2.3) 

E24.2 Lighting Circuits 

E24.2.1 One conductor of a machine lighting circuit 
shall be grounded to the machine. 

E24.2.2 If the equipment lighting circuit is taken 
from the plant lighting circuit, the identified 

grounded conductor shall be white. 

E24.3 Stationary Equipment 

E24.3.1 All exposed non-current-carrying metal parts 
of control enclosures, motors, conduit, con- 

trol stations, resilient mounted equipment, and other 

devices and accessories shall be grounded. 

E24.3.2 Where enclosures of controls or other elec- 
trical devices are not mounted on the equip- 

ment, they shall be grounded by the user. 


E24.4 Portable and Pendant Equipment. All port- 
able accessories and pendant stations shall be 

grounded to the industrial equipment. 

E24.5 Methods of Grounding 


E24.5.1 A copper or other user approved equivalent 
corrosion-resistant conductor shall be used 
for grounding purposes. 
E24.5.2 Grounding by attaching the device to the 
equipment with bolts or other approved 
means shall be considered satisfactory if all paint and 
dirt are removed from joint surfaces. Moving machine 
parts, other than removable accessories or attach- 
ments, having metal-to-metal bearing surfaces shall be 
considered as adequately grounded. 
E24.5.3 Portable and pendant equipment shall be 
grounded by separate conductors. If multi- 
conductor cable is used for portable or pendant equip- 
ment, the grounding conductor shall be included as one 
conductor of the cable. 
E24.5.4 Liquid-tight flexible metal conduit may be 
used for grounding portable or pendant 
equipment, providing it is of the type with the copper 
bonding conductor as approved by Underwriters’ 
Laboratories. 


E24.6 Equipment Grounding Conductors 

E24.6.1 Equipment grounding conductors may be in- 
sulated or bare and shall be protected from 

mechanical damage by means equivalent to those pro- 

vided for live conductors. If an insulated equipment 

grounding conductor is used, the insulation shall be 

green. 

E24.6.2 The size of the machine grounding conductor 
shall be as shown in Table XII. Column “A” 

indicates maximum capacity in amperes of the auto- 


Table Xll—Size of Grounding Conductors 


Column Copper wire size, 
“A”, amp AWG or MCM 


20 14 or 16° 

30 14 

40 12 
10 


Conduit size, in. 


*No. 16 wire will be permitted only in multi-conductor cable. 
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matic overcurrent protective device in the circuit 
ahead of the equipment. If a conductor other than 
copper is used, its electrical resistance per linear foot 
shall not exceed, and its tensile strength shall not be 
less than that of the allowable copper conductor. 
E24.6.3 Paragraph 24.6.2 does not apply in the case 
(W) of welders. 
E24.6.4 All ungrounded control circuits shall be 
equipped with ground detector lights. For 
typical connections, see sample elementary diagram, 
page S-21. 


E25. TESTING 


E25.1 High Voltage Tests 

E25.1.1 When all wiring on the industrial equipment 
is complete, the following tests shall be made 

by the industrial equipment builder: 

a. Test each circuit to ground. 

b. Test voltage shall be applied to each circuit for one 

second in accordance with Table XIII. 

E25.1.2 Devices which do not fall within the scope 
of Industrial Control Standards (e.g., meters, 

rectifiers, lamp holders, snap switches, electronic 

equipment, ground detector lamps, etc.) and which 

require lower test voltages than specified above, should 

be disconnected before high voltage tests are made. 


E26. GASKETS 


E26.1 All covers of electrical enclosures and devices 

shall have gaskets of an oil resistant syn- 
thetic material. Gaskets shall be at least 4 in. thick 
and shall be firmly attached to the cover or enclosure. 


E26.2 All door sealing gaskets shall be firmly held 

in place by a continuous metal retainer in 
addition to the adhesive. Gaskets held only by an adhe- 
sive are not acceptable. 


E27. WELDING 
TRANSFORMERS 


E27.1 Resistance Welding Transformers 

E27.1.1 Resistance welding transformers shall, ex- 
cept when furnished by or specified by the 

purchaser, conform to the applicable paragraphs of 

Index 1.9, “Electrical Standards for Resistance Weld- 

ing Equipment,” of the RWMA Resistance Welding 

Equipment Standards. 

E27.1.2 Welding-press type transformers shall con- 
form to the Resistance Welder Manufac- 

turers Association Standards on Type A-1 Welding- 

Press Transformers, Index 1.9. 


E27.1.3 Type G1 portable gun welding transformers 

shall conform to the applicable paragraphs 
of Index 1.4 “Spot Welder Standards, Portable Type” 
of the RWMA Resistance Welding Equipment Stand- 
ards. This does not apply when the transformer is 
furnished or specified by the purchaser. 


Table Xill—High-Potential Test Voltages 


Circuit voltage Test voltage 


corey 


110 1250 
208°& 220 1470 
380 1800 
440 1920 
550 2150 
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TYPICAL GRAPHICAL SYMBOLS 
FOR ELECTRICAL DIAGRAMS 
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APPENDIX A (continued) 


TYPICAL GRAPHICAL SYMBOLS 
FOR ELECTRICAL DIAGRAMS 


COILS (continued) 
AUTO TRANSFORMER REACTORS ADJUSTABLE 


a 


RECTIFIERS MOTORS LOCATION OF RELAY CONTACTS 
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APPENDIX C 


AMBIENT TEMPERATURE. Ambi- 
ent temperature is the temperature of 
the surrounding cooling medium, such 
as gas or liquid, which comes into 
contact with the heated parts of the 
apparatus. j 
AUXILIARY DEVICE. Any electrical 
device other than motors and motor 
starters necessary to fully operate the 
machine or equipment. ish 
BRANCH CIRCUIT. A branch circuit 
is that portion of a wiring system ex- 
tending beyond the final overcurrent 
device protecting the circuit. (A device 
not approved for branch circuit pro- 
tection, such as a thermal cutout or 
motor overload protective device, is 
not considered as the overcurrent de- 
vice protecting the circuit.) 
CIRCUIT BREAKER. Acircuit break- 
er is an automatic device designed to 
open under abnormal conditions a cur- 
rent-carrying circuit without damage 


to itself. Abd 
CIRCUIT INTERRUPTER. A circuit 
interrupter is a manually operated 
device designed to open under abnor- 
mal conditions a current-carrying cir- 
cuit without damage to itself. 
COMBINATION STARTER. Astarter 
having manually operated disconnect- 
ing means built into the same enclo- 
sure with the magnetic contactor. 
COMPARTMENT. A space within the 
base, frame or column of the indus- 
trial equipment. 

CONDUIT. A conduit is a tubular 
raceway for holding wires or cables 
which is designed expressly for, and 
used solely for this purpose. 
CONNECTION DIAGRAM. A connec- 
tion diagram is a diagram showing 
the electrical connections between the 
parts comprising the control, and indi- 
cating the external connections. 
CONTINUOUS RATING. The rating 
that defines the load which can be car- 
ried for an indefinite time without 
exceeding temperature rating. 
CONTROL. A device or group of de- 
vices which serve to govern, in some 
predetermined manner, the electric 
power delivered to the apparatus to 
which it is connected. 

CONTROL CIRCUIT. A control cir- 
cuit is the circuit used for the operat- 
ing control of the industrial equipmen 
as distinguished from the circuits u 
for supplying power to motors or de- 
vices requiring a continuous or inrush 
volt-amperage of more than 2300. 
CONTROL CIRCUIT TRANSFORM- 
ER. A control circuit transformer is a 
voltage transformer utilized to supply 
a voltage suitable for the operation of 
shunt coil magnetic devices. 
CONTROL CIRCUIT VOLTAGE. The 
control circuit voltage is the voltage 
provided for the operation of shunt 
coil magnetic devices. 

CONTROL COMPARTMENT. A con- 
trol compartment is a space within the 
base, frame, or column of the machine, 
used for mounting the control panel. 
CONTROL ENCLOSURE. The con- 
trol enclosure is the metal housing for 
the control panel, whether mounted on 
the industrial equipment, or separately 
mounted. 

CONTROLLER. A controller is a de- 
vice, or group of devices, which serves 
to govern, in some predetermined man- 
ner, the electric power delivered to the 
apparatus to which it is connected. 
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GLOSSARY 


DEVICE. A device is a unit of an elec- 
trical system which is intended to car- 
ry but not consume electrical energy. 
DISCONNECTING DEVICE. A dis- 
connecting device is a device whereby 
the conductors of a circuit can be dis- 
connected from their source of supply. 
ELECTRIC MOTOR. An electric mo- 
tor referred to in these Standards as 
“Motor” means a device which con- 
verts electrical energy into rotating 
mechanical energy. 

ELEMENTARY DIAGRAM. An ele- 
mentary controller wiring diagram is 
a diagram using symbols and a plan 
of connections to illustrate, in simple 
form, the scheme of control. 

FEEDER. Any conductors of a wiring 
system between the service equipment 
or the generator switchboard of an 
isolated plant, and the branch circuit 
overcurrent devices. 

INRUSH CURRENT. The inrush cur- 
rent of a solenoid or coil is the steady- 
state current taken from the line with 
the armature blocked in the rated 
maximum open ition. 
INTERMITTENT DUTY. Intermit- 
tent duty is a requirement of service 
that demands operation for alternate 
intervals of (1) load and no-load; or 
(2) load and rest; or (3) load, no-load 
and rest; such alternate intervals be- 
in pce | specified. 
INTERCONNECTION DIAGRAM. A 
diagram showing the connections be- 
tween the terminals in thecontrol panel 
and outside points such as connections 
to motors and auxiliary devices. 
INTERRUPTING CAPACITY. Inter- 
rupting capacity is the highest current 
at rated voltage that the device can 
err 

JOGGING (INCHING). Jogging is 
the quickly repeated closure of the cir- 
cuit to start a motor from rest for the 
purpose of accomplishing small move- 
ments of the driver machine. 
LOCKED-ROTOR CURRENT. The 
locked-rotor current of a motor is the 
steady-state current taken from the 
line with the rotor locked and with 
rated voltage (and rated frequency in 
the case of alternating-current motors) 
opeies to the motor. 
MAGNETIC DEVICE. A magnetic 
device is a device actuated by electro- 
magnetic means. 

MAGNETIC STARTER. A magnetic 
starter is a starter actuated by electro- 
magnetic means. 
MOISTURE-RESISTANT. Moisture- 
resistant means so constructed or 
treated that it will not be damaged 
readily by exposure to a moist atmos- 


here. 
MOTOR CIRCUIT SWITCH. A motor- 
circuit switch is a switch intended for 
use in a motor branch circuit. Up to 
50 hp the switch is rated in horse- 
power and is capable of interrupting 
the maximum operating overload cur- 
rent of a motor of the same rating at 
the rated voltage. 

MOTOR CONDUIT BOX. An enclo- 
sure on a motor for the purpose of 
terminating a conduit run and joining 
motor to nower conductors. 

OIL (used as a prefix). The prefix 
“oil” applied to a device which inter- 
rupts an electric circuit indicates that 
the interruption occurs in oil. 
OPERATING FLOOR. A floor or plat- 
form used by the operator under 
normal operating conditions. 
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OPERATING OVERLOAD. Operatin 
overload is the overcurrent to whic 
electric apparatus is subjected in the 
course of the normal operating condi- 
tions that it may encounter. 

(Note 1: The maximum operating 
overload is considered to be six times 
normal full-load current for alternat- 
ing-current industrial motors and con- 
trol apparatus; four times normal 
full-load current for direct-current 
industrial motors and control appa- 
ratus used for reduced-voltage start- 
ing; and ten times normal full-load 
current for direct-current industrial 
motors and control used for full-volt- 
age starting. 

(Note 2: It should be understood that 
these overloads are currents that may 
persist for a very short time only, 
usually a matter of seconds.) 
OVERCURRENT. Overcurrent in an 
electric circuit is that current which 
will cause an excessive or dangerous 
temperature in the conductor or con- 
ductor insulation. 

OVERCURRENT PROTECTIVE DE- 
VICE. A device operative on excessive 
current which causes and maintains 
the interruption of power in the cir- 


cuit. 

OVELOAD RELAY. A device that 
provides overload protection for elec- 
trical equipment. 

PANEL. The subplate upon which the 
control devices are mounted inside the 
control compartment or enclosure. 
PERIODIC DUTY. Periodic duty is a 
type of intermittent duty in which the 
load conditions are regularly recur- 


rent. 

PRECISION DEVICE. A device that 
will operate within prescribed limits 
and will consistently repeat opera- 
tions within those limits. 

PRESSURE CONNECTOR. A con- 
ductor terminal applied with pressure 
so as to make the connection mechani- 
cally and electrically secure. 
POLARIZED PLUG. A plug so ar- 
ranged that it may be inserted in its 
counter part only in a predetermined 
osition. 

PROOF (used as a suffix). Apparatus 
is designated as splash-proof, dust- 
proof, etc., when so constructed, pro- 
tected or treated that its successful 
operation is not interfered with when 
subjected to the specified material or 
condition. 

RACEWAY. A raceway is any chan- 
nel for holding wires, cables or bus- 
bars, which is designed expressly for, 
and used solely for this purpose. 
READILY ACCESSIBLE. Capable of 
being reached quickly for operation, 
renewal, or inspection, without re- 
quiring those to whom ready access 
is requisite to climb over or remove 
obstacles or to resort to portable lad- 
ders, chairs, etc. 

RELAY. A relay is a device that is 
operative by a variation in the condi- 
tions of one electric circuit to effect 
the operation of other devices in the 
same or another electric circuit. 
(Note: Where relays operate in re- 
sponse to changes in more than one 
condition, all functions should be 
mentioned.) 

SEQUENCE OF OPERATION. A 
written detailed description of the 
order in which electrical devices and 
other parts of the industrial equip- 
ment should function. 
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SHORT-TIME RATING. The short- 
time rating is the rating that defines 
the load which can carried for a 
short and definitely specified time, the 
machine, apparatus or device being at 
approximately room temperature at 
the time the load is applied. 
SPLASHPROOF. Splashproof means 
so constructed and protected that ex- 
ternal splashing will not interfere 
with its successful operation. 
STARTER. A starter is an electric 
controller for accelerating a motor 
from rest to normal speed. 

(Note: A device designed for starting 
a motor in either direction of rotation 
includes the additional function of re- 
versing and should be designated a 
controller.) 
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SWINGOUT PANEL. A panel which 
is hinge-mounted in such a manner 
that the back of the el, may be 
made a le from front of the 
enclosure. 

SYMBOL. A sign, mark or drawin 
agreed upon to represent an electrica 
device or component part thereof. 
TEMPERATURE CONTROL. A con- 
trol device a to temperature. 
TERMINAL. A point of connection in 
an electrical circuit. 

TIGHT (used as a a. Apoeesiue 
is designated as watertight, dusttight, 
etc., when so construc that the en- 
closing case will exclude the specified 
material. 


UNITIZED EQUIPMENT. Electrica 
controls so constructed that separate 
panels are provided for each working 
station or section as specified, of a 
multiple station transfer t machin 
UNDERVOLTAGE PROTECTION. 
Undervoltage protection is the effect 
of a device operative on the reduction 
or failure of voltage to cause and 
maintain the interruption of power to 
the main circuit. 

VARYING DUTY. Varying duty is a 
requirement of service that demands 
operation at loads, and for intervals 
of time, both of which may be subject 
to wide variation. 

WIREWAY. A wireway is a rigid 
rectangular raceway provided with a - 
cover. 


DEVICE DESIGNATIONS 


THE DEVICE DESIGNATIONS given below 
are intended for use on diagrams in 
connection with the corresponding 
symbols to indicate the function of the 
particular device. These device desig- 
nations are based on the assignment 
of a standard letter or letters to the 
fundamental function that is r- 
formed by a component device. Suit- 
able prefix numbers (1, 2, 3, 4, etc. 
and suffix letters (A, B, C, D etc.) 
may be added to the basic designation 
to differentiate between devices per- 
forming similar functions. _ 

The assignment of a designation to 
a device on a specific equipment is 
governed by the function of that de- 
vice on that particular equipment and 
not by the t of nature of the device 
or its possible use for other functions 
in other equipment. The same type of 
device may perform different functions 
on different equipments or even on 
the same a and, consequently, 
may be identified by different designa- 
tions. 


Desig- , 

nation Device 

Accelerating Contactor or 
Relay 

Ammeter 

Automatic 

Brake Relay 

Capacitor 

Circuit Breaker 

Circuit Interrupter 
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CL Clamp 

CR Control Relay 

Control Relay Automatic 

Control Relay Electronically 
Energi 

Control Relay Manual 
(Hand) 


CRA 


Control Relay Latch 
Control Relay Master 
Control Relay Unlatch 
Current Transformer 
Counter Voltage 


own 

Dynamic Braking Contactor 
or Relay 

Disconnect Switch 

Drum Switch 

Electronic Tube 

Forward 

Field Accelerating Contactor 
or Relay 

Field Decelerating Contactor 
or He | 

Full Field Contactor or Relay 

Field Loss Contactor or Relay 

Flow Switch 

Float Switch 

— Switch 


use 

Field Weakening 
Ground 

Instantaneous Overload 
Jog 

Limit Switch 

Lamp 

Motor Starter 
Magnetic Brake 


Magnetic Clutch 
Motor Circuit Switch 
Motor 

Manual 

Overload Relay 
Pushbutton 

Sana Contactor 


ug. : 
Plugging Switch 
Pressure Switch 
Reverse 
Rectifier 
Receptacle 
Resistor 
Rheostat 
Return 
Switch 
Slow Down 
Socket 
Solenoid 
Series Control Relay 
Selector Switch 
Safety Switch 
Transformer 
Terminal Board 
Thermostat Switch 
Time Delay Relay 
Traverse 
tated Voltmeter 


Pp 
Unclamp 
Undervoltage 
Voltmeter 
Vacuum Switch 
Wattmeter 
Reactor 
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Applications for 


Glass Materials 
and Components 


From electron tube envelope to nuclear radiation detecting devices, technical 
glass fills a wide spectrum of vital and primary needs as an engineering material 
in the design of electrically energized equipment, appliances and machines. 
Three categories of application are reviewed here: Glass as a structural material : 


glass electronic and electrical components ; glass for special-purpose application. 


JAMES K. DAVIS, Manager 
Electronic Product Development 
Corninc Giass Works 

Corning, New York 


GLASS IS A PRIMARY ENGINEERING MATERIAL in so many 
applications that its versatility and wide spectrum of 
properties tend to be taken for granted. Yet glass is not 
only one of our oldest (not to.say ancient) engineering 
materials, but it is also one of our newest, both in terms 
of properties and applications. Take, for example, such 
contemporary glass materials as gamma-ray resistant 
glasses. 

In this summary review of glass as basic materials and 
components in the design of electrically energized equip- 
ment, appliances and machines three broad categories will 
be discussed: (1) glass as structural parts; (2) glass 
components; and (3) special-purpose glass materials. 
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Sealed Enclosures. The utility of glass for electric 
lamp and electron tube enclosures is due to an unusual 
combination of properties including (1) light and radia- 
tion transmission, (2) imperviousness to gases, (3) ease 
of degassing, (4) ability to be hermetically sealed to 
metals and to other glasses, (5) thermal stability, (6) 
good dielectric properties, and (7) good chemical dura- 
bility. (1)* 

Additional properties are required for specific appli- 
cations. For example, lamps for the generation of visible, 
ultraviolet, and infra-red rays require glass envelopes 
with excellent transmission in the region where output 
is desired and often must have total or partial absorption 
in other parts of the spectrum. Similarly in the case of 
electron tubes, glasses must meet the specific technical 
requirements for many tube types including receiving, 
transmitting and power, cathode ray, X-ray, and rectifier. 
A detailed discussion of the requisite properties and per- 


*Italic numerals in parentheses apply to Cited References at end of article 
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Table I—Properties of Capacitor Ribbon Glass* 


Specific gravity 3.84 


Annealing point, deg Cc a 384 


Softening point, deg c . 527 


Thermal expansion coefficient, per deg C 103 x 10° 


Modulus of elasticity, psi 8 x 10° 


Volume resistivity, 25 C (extrapolated), ohm-cm 10% 


Volume resistivity, 250,C, ohm-cm 10"! 


8.4 


Power factor, 1 mc, 25 C 0.0005 


Fig. 1—Sintered glass parts can be produced in a wide variety *Corning No. 8871 
of shapes 


formance in each of these applications is given by 
Shand, (2) 

Sintered Glass. Small structural parts can be made 
of glass by a sintering technique closely resembling pow- 


der metallurgy (Fig. 1). Pulverized glass is mixed with 
a binder, molded and sintered to form a vacuum-tight 
product whose physical and electrical characteristics are 


approximately those of the parent glass. The mechanical 
strength is somewhat reduced. Sintered glass parts can be 
produced in shapes, patterns, and tolerances not readily 
obtainable by conventional glass working processes. The 
sintered glass technique is particularly suited to the quan- 
‘ 


tity fabrication of small structural parts to relatively 
close tolerances, usually in the range of +0.005 in. diam 
and +0.010 in. lengths. Greater precision can be obtained 
by grinding or by selection. 

A major use of sintered glass is in glass-to-metal her- 
metic seals. For this application sintered glass beads are 
made of a glass chosen to match the expansion cofficient 


Fig. 2—Metallized glass is used in high stability inductances. 


nn 


Fig. 3—Ribbon glass is the dielectric for these fixed capacitors. Right—Graph shows specified Q-factor for glass and mica capacitors. 
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Table Il—-High Temperature Glasses 


Glass No.* 


Type 
alumino-silicate 

Thermal expansion, x10"/deg C 
Softening point, deg C 
Annealing point, deg C 
Dielectric constant @ 25 C 
Power factor @ 1 mc 

@ 25C 

@ 350 C 

@ 500 C 
Log resistivity 

@ 250 C 


11.0 
Molybdenum 


*Corning Glass No. 


of the metal to be joined. Glasses are available for seal- 
ing to a wide variety of metals including 17 per cent 
chrome iron, Dumet, Kovar, molybdenum, platinum, 
SAE 1010 steel, Sylvania 4, and tungsten. Glass-metal 
seals employing sintered glass are used in glass cases for 
hermetic sealing of transistors, diodes, and other compo- 
nents. Established uses for sintered glass include tele- 
vision gun mounts, tube bases, and headers. 

Metallized Glass. Metallized glass is used for her- 
metic and moisture-impervious seals in applications where 
a high temperature sealing process is not feasible (Fig. 
2). Glass can be metallized by firing into it glass-bonded 
silver, followed by metal plating and tinning. The metal- 
lizing glass can then be soldered to metal or to another 
piece of metallized glass. This final sealing operation is 
carried out at conventional soldering temperatures. 
Structural parts made of metallized glass include en- 
closure tubes for components such as resistors, capacitors, 
and solid-state rectifiers, bushings for high-voltage ter- 
minals, and hermetically sealed instrument and meter 
windows. The specific use of metallized glass for elec- 
tronic ecomponents will be discussed later. 


Capacitors. Capacitors made of glass meet the in- 
creasing need for extreme stability and high performance 
in critical applications. The properties of these glass 
capacitors are derived from the excellent dielectric prop- 
erties of the glass dielectric and from the construction of 
the capacitors themselves. The properties of the glass 
dielectric are given in Table I. Capacitors are made from 
this glass in the form of thin ribbon in thicknesses down 
to about 0.001 in. The ribbon glass dielectric is homo- 
geneous and is entirely free of holes, cracks, and other 
imperfections. The ribbon glass and alternate layers of 
metal foil are actually sealed together at high temperature 
to form integral rugged monolithic units. The resulting 
glass capacitors find widespread use in applications re- 
quiring miniaturization, low and reproducible tempera- 
ture coefficient of capacitance (140 + 25 parts per mil- 
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alumino-silicate 


96% 


alumino-silicate silica 


35.5 8 
782 1500 
522 910 


6.4 5.8 3.8 


0.0015 
0.005 
0.02 0.02 0.17 


14.1 12.0 1 


1 
11.7 10.0 9 
Molybdenum 


0.0006 
0.003 


0.0002 
0.003 


2 
2 


Tungsten a 


lion per deg C), high stability, high Q, and high 
temperature (Fig. 3). The high quality of these capac- 
itors is evidenced by the fact that they have been designed 
into a large number of the guided missile programs. 

Glass capacitors may be assembled with the wire leads 
and an enclosing glass cover having the same excellent 
electrical properties as those of the dielectric glass. The 
performance of these capacitors is a function only of the 
dielectric properties of the glass, and not of any potting 
material or impregnant. Glass capacitors offer a high 
degree of miniaturization. The volume for the smallest 
case size is about 0.005 cu in. Capacitors without wire 
leads make possible even greater miniaturization, re- 
ducing the volume of the capacitor by over 90 per cent 
in this smallest size. Glass capacitors are also fabricated 
for medium power applications in capacitance values 
up to 100,000 p»f and working voltage up to 6000 volts. 

Resistors. Glass resistors (Fig. 4) are now utilized 
in nearly all segments of the resistor market. Glass was 
first used for composition resistors. Here small-diameter 
thin-wall glass tubing serves as the base for a conducting 
carbon ink. Terminals are attached and the unit molded 
in resin to form resistors of the carbon composition type. 

More recently glass resistors comprising metal oxide 
and metal films on glass have appeared commercially. The 
metal oxide films and some of the metal films are fired 
into the surface of the glass at high temperature. The 
properties of these resistors, including their electrical sta- 
bility, moisture resistance, and temperature coefficient, 
gained an immediate foothold for them in the precision 
resistor field. These properties together with the avail- 
ability of high resistance values in small physical space 
and the adaptability of glass resistors to mass production 
led to their wide-spread utilization as power resistors. 
These resistors are now standard components in the tele- 
vision and radio sets. 

An increasing number of glass resistors are used in 
high-frequency applications because of their superior 
frequency characteristics. These result from the thin-film 
construction and small size. Glass resistors now lead the 
way in the high temperature field, being commercially 
available for operation at ambient temperatures up to 
200 C. Their stability makes them logical condidates for 
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Fig. 4—Glass resistors are used in a wide range of commercial 
and military applications. 


the higher temperature military requirements of the near 
future. 

Ultrasonic Delay Lines. With the advent of high- 
purity fused silica it has been possible to develop ultra- 
sonic delay lines with long delay times (Fig. 5). Ultra- 
sonic delay lines are used in radar, computer, and other 
electronic equipment to delay or store electronic signals. 
The conversion of the electronic impulse to an ultrasonic 
one reduces the speed of the impulse and hence the neces- 
sary travel length for a given delay time by a factor of 
about 80,000. This makes possible very long delays in 
relatively small physical space. Delay lines are now being 
produced with delay times up to 0.003 sec. Long delays 
are achieved by means of a “folded” path, whereby the 
energy is reflected from facet to facet of a precision 


ground polygon or fused silica. For long delay times 


transmission of the energy through the ultrasonic medium 
without high loss or excessive scattering is of prime im- 
portance. The high purity of the fused silica and the 
resulting low ultrasonic loss are responsible for its use 
in these lines. 

Metallized Glass Components. The glass metalliz- 
ing process described previously is utilized to make stable 
metallized components, most important of which are in- 
ductances and trimmer capacitors. The inductances com- 
prise a metallized spiral on a glass tube. The spiral pitch 
can be variable or fixed. These inductances are used 
primarily in high frequency tuning for applications up 
to 10 microhenries requiring temperature stability, rug- 
gedness, and low loss. Glass trimmer capacitors are made 
up of a glass tube with a metallized band on the outside 
and a metal slug in the bore. Capacitance is varied by 
altering the position of the slug with reference to the 
metallized band. The capacitance range is 0.3 to 30 pyf 
depending on trimmer dimensions. Temperature coeffi- 
cients down to less than 100 ppm/deg C can be attained 
by use of an invar core. Principal uses are in applications 
requiring ruggedness, high thermal stability, and smooth 
tuning curves. 
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Fig. 5—Delay line, opened, shows polygon of fused silica. 


Drawn lines illustrate path of the ultrasonic signal. 


Fused Silica. A fused silica of extreme purity ana 
homogenity with excellent electrical and ultrasonic prop- 
erties has been developed in recent years. (3) Its proper- 
ties are included in Table II on high temperature glasses. 
The low ultrasonic attenuation of fused silica at radio 
frequencies has resulted in its large scale use as an ultra- 
sonic delay line medium as previously described. Other 
applications are in ultraviolet transmitting windows and 
camera windows in photographic equipment for high- 
speed aircraft. 

This used silica has proved to be outstanding in resist- 
ing breakdown under high energy electron bombard- 
ment. (4) It can also withstand gamma radiation up to 
101° roentgens without substantial discoloration. It 
should prove useful where optical clarity is required in 
heavy radiation fields. 

Photosensitive Glass. Four types of these glasses 
have been developed to date, each with unusual properties 
leading to different fields of applications. Properties of 
these four types are summarized in Table III. In each type 
an image is produced in the body of the glass by ex- 
posure to ultraviolet light and then developed by subse- 
quent heat treatment. 

First of these glasses may be described as a color trans- 
parency glass, for actual color transparencies are pro- 
duced in a clear glass. Photographic reproductions can 
be made with detail down to 0.002 in. The developed 
image is in the body of the glass. 

Second of these glasses is a photosensitive opal glass 
in which opalescence is formed in the exposed areas of a 
clear glass. The image is translucent rather than trans- 
parent as in the color transparency type. Louvered glass 
of this type is used in lighting applications. (Fig. 6). 

Fotoform glass, the third type, makes possible the pro- 
duction of extremely accurate electrical and mechanical 
parts (tolerances down to +0.001 in.). In this glass the 
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Fig. 6—Photosensitive opal glass is used in louvered panels for 
lighting applications. 


opalescent image is of a chemical composition that can 
be dissolved away by a differential acid etching, leaving 
behind the portions of the glass that had not been exposed 
to ultraviolet light. This chemical machining produces 
precise- patterns hitherto impossible in glass. thereby 
opening the threshold to many new applications. (5) 

Typical of these applications is a 300-mesh screen for 
an electronic storage tube (Fig. 7). Glass screens with up 
to 250,000 holes per sq in. are being produced on an 
experimental basis. Other applications based on the ac- 
curacy of etched Fotoform glass include relay pusher 
bars, stylus guides, thermocouple wire guides, brush 
holders for digital converters, and solid-state image stor- 
age and amplification devices. 

Fotoceram, the fourth member of the photosensitive 
family, is a highly crystalline material resembling a 
ceramic. Made from Fotoform glass by proper exposure 
and development, it has good electrical properties and 
high strength—about three times that of conventional 
glass. It is available in chemically machined form similar 
to Fotoform, but dimensional tolerances attainable are 
somewhat greater. This type of glass is finding use as an 
electronic circuit board and in other applications re- 
quiring high resistivity, high strength and _ precision 
patterns (Fig. 8). 

Gamma-Ray Sensitive Glass. Studies of the colora- 
tion of glass by gamma-radiation have led to the devel- 
opment of special glasses for the detection and measure- 


Fig. 8—Fotoceram circuit board has high resistivity and high 
strength. It can be precision patterned. 
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Fig. 7—Fotoform glass is used for this 300-mesh screen. Pre- 


cision of holes is indicated by comparison with human hair. 


ment of gamma radiation. These glasses, after irradiation 
by gamma-rays, fluoresce when they are exposed to ultra- 
violet light. The intensity of the induced light emission 
is proportional to the total gamma-ray dose received. 
Special reading instruments can translate the emission 
into the total gamma-ray dose in roentgens. These glasses 
together with the reading instruments are used as per- 
sonnel dosimeters. The glasses are also used in radiation- 
monitoring devices in environments where irradiation 
techniques are being employed as part of manufacturing 
operations, for example, food sterilization. The glasses 
are useful over the exposure range from 5 to 10,000 
roentgens. A direct transmission reading glass has been 
developed recently for measuring large doses of radiation 
from 3000 up to 107 roentgens. 

Radiation-Resistant Glass. Glass because of its 
inorganic nature and its random network has a high de- 
gree of resistance to nuclear radiation (Fig. 9). The re- 
sistance of pure fused silica to high energy electron 
bombardment and to heavy gamma radiation has already 
been mentioned. A number of glasses have been developed 
to withstand very high levels of X-ray and gamma-ray 
radiation. These glasses are finding applications in lenses 
and prisms for use in radiation fields and for radiation- 
shielding windows. Glasses which can match the absorb- 
ing properties of concrete, of barite concrete, and of iron 
or steel are now available. When used in suitable thick- 
ness, these glasses serve as radiation shielding while per- 
mitting visual observation through the glass. 

The applications discussed here are founded on the 
development of special glasses to withstand irradiation 
without coloration. In most electrical applications we are 
more concerned with such important physical properties 
as electrical resistivity, dissipation factor, dimensional 
stability and breaking strength. There is growing evidence 
that glasses with their random structure are more stable 
against changes in many of these important physical 
properties than are metals, crystalline ceramics, and or- 
ganic materials. 

Information on the behavior of glass components under 





conductive, but the major share of commercially avail- 
able conductive glass comprises metallic oxides fired 
into the surface of the glass at elevated temperature. Al- 
though these coatings are less than 0.0001 in. thick, they 
are rugged, highly durable, and chemically inert. They 
can be produced in the resistance range from 10 to 100; 
000 ohms/square. The properties required for most com- 
mercial applications fall within the 10 to 100 ohm, 
square limits. 

Conductive glass is finding wide spread acceptance for 
power resistors for television and radio sets, precision 
and high frequency resistors in critical circuits and dum- 
my antenna, and high temperature resistors in aircraft 
and missiles. Conductive glass heaters are used for both 
domestic and industrial heating. The far infrared output 
of these heaters is useful in many industrial applications. 
\ considerable number of applications for conductive 
elass have arisen from the combination of visual trans- 
parency and electrical conduction. These include electro- 
luminescent lighting panels, electrically heated windows 
and windshields to prevent fogging, and instrument win- 
dows with electrostatic shielding and static charge dis- 
sipation. 

Ribbon Glass. Glass can be drawn continuously in 
the form of thin ribbon down to 0.001 in. in thickness, 
sufficiently flexible to be coiled around a 1 in. radius. 
\ wide variety of glasses can be made in thin ribbon 


form, but present commercial production is limited to 
Fig. 9—Radiation shielding windows provide visual trans- Corning No. 8871 
parency and protection against radiation. Source: Esso 
Research and Engineering Co. 


glass. Its inherent dielectric and in- 
sulating properties plus the homogeneity of ribbon glass 
are responsible for its use as the dielectric in glass capac- 
itors. 

Fibrous Glass. Glass-fiber materials (or fibrous glass, 
as may be preferred) are widely used in electrical insu- 
lation, thermal insulation, and in glass-reinforced plastics 
in many structural and mechanical parts. Although these 
applications are widely known, it is not generally real- 
ized that in total they represent still another primary 
(Continued on page 384) 


nuclear radiation is sparse, but there is considerable 
testing underway in the Oak Ridge. Argonne, and other 
test reactors. Glass capacitors are known to withstand 
irradiation doses of 10'S neutrons/em? (thermal) and 
1015 gammas/cm? without substantial change of capac- 
itance or dissipation factor. These now in progress on 
radiation effects on glass and glass components will yield 
much more quantitative information on the utility of 
glass in radiation fields. To receive without charge one reprint of 

Conductive Glass. There are many methods de- arti circle Ne. 216 on the Reader Service Card 
scribed in the literature for rendering glass electrically simianend. dinsieicaitean 


Table Ill—Properties of Photosensitive Glasses 


oe" 
SS 


Thermal | 


expansion Annealing | Resistivity Modulus of 
| coefficient, point, Specific | at 25 C, elasticity, 
Glass type per deg C deg C gravity ohm-cm 


Color transparency 85 x 10” 525 2.60 


Photosensitive opal + ae 87 2.48 


Fotoform 
Unexposed 83 2.36 5 x 10" 


Exposed and developed st 340C| 2.86 6x 10% 


Fotoceram: 2.45 . 6 x 10" 
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S. WEISSMAN and M. BRACUTT 
W. L. Maxson Corporation 
New York City 


Transistor 
Magnetic Amplifier 
for Power Motor Control 


Position or velocity command control of an integral-horsepower d-c 


servo motor can be obtained with the ““Magnemax” system which 


takes low-level signals through a transistor preamplifier and a tran- 


sistor magnetic amplifier. The latter governs field control and also 


armature control through a power saturable reactor. 


THE PROBLEM OF POSITION or velocity control of sizeable 
d-c motors, 5 hp and up, has been usually solved by the 
use of auxiliary rotary equipment, either separate motor- 
generator sets or by some specific version of the general 
metadyne principle. Attempts to use true magnetic ampli- 
fier control have encountered cost problems and also en- 
gineering obstacles deriving from the critical nature of 
high power amplifiers. The new “Magnemax”* control 
principle successfully dispenses with both rotary equip- 
ment, aside from the motor itself, and high power self- 
saturating amplifiers. 

In order to achieve an efficient drive system, it is 
necessary to control the motor armature current in ac- 
cordance with the load requirements. If the armature 
current is controlled by a magnetic amplifier, a phase- 
reversible (two-channel) high-power amplifier is normally 
required to produce a system which is capable of rapid 
speed reversals. The “Magnemax” permits a reversible 
d-c motor drive system that requires only a single-chan- 
nel amplifier, with half the components of a two-channel 


*Patents issued and pending, W. L. Maxson Corp. 
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amplifier, to control the motor armature. In addition, 
a high performance system is achieved with only simple 
saturable reactors in the armature control circuit. High 
power self-saturating magnetic amplifiers, which are more 
costly and more critical in operation than saturable re- 
actors, are not required. 

Figure 1 shows the basic Magnemax system. This cir- 
cuit can be applied to a position command or velocity 
command control. For position command, the error signal 
represents the difference between the output shaft and 
command positions. The error derives from either a 
synchro or potentiometer data transmission loop. In 
velocity command the error signal is the difference be- 
tween output velocity as indicated by an output speed 
tachometer and command velocity. 

The error signal is applied to a preamplifier which 
drives the field-control magnetic amplifier. Channel I of 
the magnetic amplifier energizes motor field F,; channel 
II, motor field F,. The field that is energized depends 
on the signal polarity and governs rotation of the motor 
in one direction or the reverse. The armature current is 
unidirectional at all times. 





The 
actors, 
Fig. 1] 


actor, 


Applied rms a-c voltage 





Magnetic 
amplifier 
channel! | 


Magnetic 
omplifier 
channel 2 


Fig. 1—Schematic of basic Magnemax system of motor control. 


armature circuit is controlled by saturable re- 


supplied either from a three-phase source as in 
or from a single-phase source. The saturable re 
used 


as 


in Magnemax, consists ef a core with 


Output rms o-¢ current 


Characteristics of typical saturable reactor. 


several 
current, 
current 


in the c 


windings. One set of windings carries alternating 

the other carries direct control current. The 
in the a-c winding depends on the direct current 
ontrol winding. 


@ 
) 
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Armature curr 


Zo 50 


Control current, per cent 
Fig. 3—Idealized motor torque characteristics. 
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Fig. 4—Position command circuit for Magnemax system. 


The two useful characteristics of a d-c controlled satura- 
ble reactor are plotted in Fig. 2. The output alternating 
current may be controlled by the direct current in the 
control windings and once set, is essentially constant over 
a considerable range of applied a-c voltage. 

The alternating voltage across the reactor is the dif- 
ference between the a-c line voltage and the voltage drop 
across the motor armature and its rectifiers. The line 
voltage can vary, and the armature voltage varies depend- 
ing on load and speed. However, because the saturable 
reactor absorbs a great variation in voltage, the arma- 
ture current is kept approximately constant for a given 
control current. This constant-current characteristic con- 
trasts with the operation of self-saturating magnetic 
amplifiers, in which the d-c output flows through the re- 
actor output windings and affects the magnetization of 
the cores. Self-saturation may yield greater sensitivity, 
but with it line current is inherently dependent upon load 
and line voltage variations. 

When either motor field is energized, the current flows 
through the control coils of the saturable reactors. The 
output coils of these reactors control the armature cur- 
rent through a three-phase, full-wave bridge rectifier 
circuit as indicated in Fig. 1. Field current and armature 
current build up simultaneously. A single time constant 
is involved. which is dependent on the sums of the in- 
ductances and resistances of the motor field and saturable 
reactor d-c coils. The response time of the saturable re- 
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3, 115v,400~. 


actors is determined solely by the rate of build-up cur- 
rent to the input coils. Because of the constant-current 
characteristic of the saturable reactors, the armature cur- 
rent depends primarily on the reactor control current. 
and is almost independent of the speed of the motor. 
Thus, there is very little counter-emf damping in the 
system, permitting a higher ratio of velocity in degrees 
per second to error in degrees than might otherwise be 
achieved. This ratio is designated as K,. 

Motor torque is proportional to the product of arma- 
ture current and field flux. If the magnetization curve 
of the motor and the relation of armature current to field 
current were both linear, the curve of torque vs field 
current would be parabolic. However, the motor mag- 
netization curve and the curve of armature current vs 
field current are both concave downward, yielding a curve 
of torque vs field current which is approximately a 
straight line, Fig. 3. To eliminate the low gain condition 
around zero error, the system is normally biased to a 
point such as A on the torque characteristic, thus mini- 
mizing “dead-space” in the system. 

The constant-current feature of the saturable reactors 
provides an inherent limit on motor current and torque. 
The current in the control windings of the saturable re- 
actors is limited to some maximum value which depends 
on the available voltage and the resistance of the control 
windings and the motor field. Thus, the motor armature 
current is limited to some maximum value. When the 
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Magnemax System Performance 


General 
Power supply 


Peak power output 
Continuous duty rating 
Efficiency 


Performance 
Maximum velocity 
Maximum acceleration 


Constant velocity error 
at 20 deg per sec 


Response to simple harmonic motion signals 


115 volts, 400 cps 
3 phase 
5 hp 


60% at peak outpnt 


20 deg per sec 

35 deg per sec 
1 min 

(Ky = 1200) 


(1) 30 deg—9 sec roll (Max. vel.—20.94 deg/sec. max. accel.—14.62 


deg /sec?)—-peak error, 2 minutes 


(2) 10 deg—4.5 sec roll (Max. vel.—13.96 deg/sec, max. accel.—19.5 


deg /sec*)—peak error, 3 min 


Frequency response: 5 cps 


Peaks at 2.9 cps with an amplitude ratio of 1.3; amplitude ratio at 5 cps 


is 0.8. 


Size, in. 
24x12x6 50 
12x 6x4 5 

12 in. long x6in. diam 35 


Amplifier unit— 
Resistor unit— 
Motor (inc tachometer) 


motor encounters a stalling load condition with peak 
current for a period exceeding a prescribed duty cycle, 
a thermal switch not shown in the schematic causes the 
system to switch to a lower armature current. This fea- 
ture permits continuous duty operation of the system. 

The armature current is unidirectional for both direc- 
tions of rotation. If the field flux is suddenly reversed, 
the motor will act as a generator until it reverses rota- 
tion. The armature current will continue to flow in the 
same direction, and the kinetic energy in the system will 
be dissipated in the resistance of the armature circuit, 
including the forward resistance of the bridge rectifier. 
The bridge connection of the rectifiers prevents upsetting 
the operating bias of the saturable reactors during the 
dynamic braking phase. If selenium rectifiers are used, 
their forward resistance is normally high enough to limit 
the dynamic braking current to an acceptable value. 
Selenium rectifiers have a high thermal capacity and can 
easily handle the dynamic braking current. If germanium 
or silicon rectifiers are used, a small amount of resistance 
must be added to the armature circuit. This will lower 
efficiency somewhat, but it still compares favorably with 
other types of electric drive. 

Position Command System. The Magnemax prin- 
ciple for the control of d-c motors can be used to position 
a load according to a position command, or to set the 
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velocity of a load according to a velocity command. The 
position command circuit uses transitors in the pre- 
amplifier stages, as shown in Fig. 4. A 16- and 1-speed 
data transmission system is used. A coarse-fine switching 
circuit selects the error signal to be applied to the pre- 
amplifier input terminals and also changes the stabiliza- 
tion parameters for proper operation in coarse and fine 
control. 

The preamplifier consists of an emitter-follower tran- 
sistor stage, a demodulator lead network and two stages 
of common-emitter transistor amplifiers. The diodes in 
the base and the emitter circuits of the emitter-follower 
stage limit the input voltage to this stage to prevent 
damage to the transistor at high error voltages. At low 
error voltages, on the other hand, the gain of this stage 
is essentially unity. 

The demodulator lead network modifies the error sig- 
nal for stabilization purposes. Because this is a carrier 
system it is necessary to use an a-c type lead network. 
Figure 5a shows the d-c prototype of the lead network, 
and Fig. 5b shows the a-c equivalent of this network. 
For a constant input the capacitor charges to a constant 
voltage. Because the demodulator acts as a modulator 
for d-c signals applied to the d-c terminals, the capacitor 
charging and discharging currents act to modify the 
carrier envelope in the same manner that the capacitor 
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dc 
terminals 


Fig. 5—A-C demodulator lead net- 
work, with its d-c prototype (top). 


Fig. 6—Prototype amplifier unit. 


in the d-c prototype network modifies the d-c signal 
applied to it. Tachometer feedback through a two-stage 
high-pass filter is also used for stabilization. The tach- 
ometer feedback signal is added at the d-c terminals of 
the demodulator which acts as a modulator to add this 
signal to the error signal. 

The demodulator lead network is followed by two 
stages of conventional grounded-emitter amplifier stages. 
The output stage of the preamplifier is transformer 
coupled to a transistor controlled magnetic amplifier. 
The magnetic amplifier consists of two stages connected 
for full-wave push-pull output, Fig. 4. With no signal in- 
put to the transistors controlling the magnetic amplifier, 
the collector-emitter circuit of each transistor acts as a 
high impedance so that there is no reset voltage on the 
first stage of the magnetic amplifier, which is conse- 
quently saturated. With the first stage saturated, the 
interstage supply voltage appears across the reset wind- 
ing of the second stage so that it is unsaturated, and 
there is no output to the motor fields. The supply voltages 
are arranged so that for one signal polarity one channel 
of the magnetic amplifier is excited, and for the opposite 
signal polarity the other channel is excited. A signal of 
the proper polarity reduces the transistor collector-emit- 
ter impedance, resetting the first stage of one channel 
partially. In turn this first stage absorbs some of the 
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second stage reset voltage of that channel, thereby pro- 
ducing an output current in the second stage. This tran- 
sistor-magnetic amplifier combination exhibits high gain 
and fast response. No bias windings are required on the 
magnetic amplifier cores. The collector-emitter impedance 
of the transistors can be controlled by either a push-pull 
a-c signal or a parallel d-c signal applied to the base cir- 
cuit of the transistors. 

A signal proportional to the field current is fed back 
negatively to speed up the response of the field and 
saturable reactors. In order to overcome “dead space” in 
the transistors and magnetic amplifier a small a-c voltage 
is applied in series with the input transformer. 

The coarse-fine switching circuit uses a single-ended 
magnetic amplifier with positive feedback to make it bi- 
stable. The K, relay is energized in “fine” and de- 
energized in “coarse” control, and is driven by the mag- 
netic amplifier. The amplifier is adjusted so that the 
system goes from fine to coarse control at 2 deg of coarse 
error. When the system is in coarse control, one con- 
tact on the relay shorts out part of the magnetic ampli- 
fier input resistance, so that the system switches back to 
fine contro! at 1 deg of coarse error. This is required to 
make the system synchronize with minimum overshoot. 
Other contacts on the relay switch the preamplifier in- 
put from fine to coarse control and change the stabiliza- 


161 





Reset gate 


op =n +, (instantaneously) 
£p . Me 
& NG 


Fig. 7—Motor and system under test load. 


Fig. 8—Single-stage half-wave reset magnetic amplifier. 








Fig. 9—Reset gate voltages 
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of magnetic amplifier of Fig. 8. 


tion circuits so that the system will be critically damped 
in coarse control. The amplifier unit is pictured in Fig. 
6, and a motor drive test set-up in Fig. 7. The motors 
used in connection with the system are not essentially 
“special”, except for having field windings suitable for 
the circuit requirements. System performance is tabu- 
lated. 

The Magnetic Amplifier. A high-performance mag- 
netic amplifier suitable for use with Magnemax consists 
of a reset-type amplifier controlled by transistors. 

Figure 8 shows a one-stage, half-wave amplifier of the 
reset type. For simplicity, half-wave rectifiers and a core 
with rectangular hysteresis loop (right) are assumed. 
The output winding on the magnetic core is designated 
the gate winding (N,); the input winding, the reset 
winding (N,). Assume, at first, that no reset voltage 
Ex is applied to the core and that the state of the core 
is at point A on the hysteresis loop. If winding Ng is 
designed to absorb the full supply voltage, the state of 
the core will be at point B on the hysteresis loop at the 
end of the first positive half-cycle of voltage E,. During 
the negative half-cycle, the rectifier in the output circuit 
blocks current flow in the reverse direction, so at the 
end of this cycle the state of the core will be at point C. 
During the next positive half-cycle, the core will be 
completely saturated, because it was at +-¢,, at the start 
of the half-cycle and can absorb no more voltage. The 
core will remain saturated from then on. 

If the load resistance is very small compared to the 
unsaturated impedance of the core, and very large com- 
pared to the saturated impedance of the core, most of 
the supply voltage will appear across the core when it is 
unsaturated, and across the load when the core is satu- 
rated. 

If the reset voltage Ey is applied to the control side 
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of the core, and the control terminals are shorted, a 
negative integral of voltage will be applied to the core 
during the negative half-cycle. If Ex/E, = Nr/Ne, and 
the resistances of the control and load circuits are neg- 
ligible, as much negative integral of voltage will be 
applied to the core during the negative half-cycle by the 
reset winding as was applied to the core on the positive 
half-cycle by the gate winding. That is: 


1 fe 
xt Ey, Sinwt dt 


? 


aif. Ep», sinetl dl 


w 


The rectifier in the control circuit absorbs all the volt- 
age of the positive half-cycle of Ex. The state of the core 
will now be returned to point A at the end of the nega- 
tive half-cycle. The core will be unsaturated during the 
entire cycle, and only the core magnetizing current will 
flow in the load. This condition is illustrated by the first 
three half-cycles in Fig. 9. For simplicity, the waveforms 
are drawn for Ng = Nr. 

If the negative integral of voltage applied to the core 
by Ep is reduced by any means, the core is only carried 
back to a point such as D on the hysteresis loop during 
the negative half-cycle. On the next positive half-cycle, 
the core cannot absorb all of the voltage integral applied 
to the gate winding, and will saturate during part of 
the half-cycle. This is illustrated by the second three 
half-cycles in Fig. 9. Note that the circuit can respond 
fully to a change in signal in one cycle of supply voltage. 

If the negative integral of voltage applied to Nx is 
reduced to zero, the core will saturate fully during the 
next positive half-cycle. All of the load supply voltage 
E,, then will appear across the load. This is illustrated 
by the last four half-cycles in Fig. 9. The amplifier can 
be controlled by any method that will vary the voltage 
integral on the reset winding during the negative half- 
cycle. Thus, a variable resistance, the plate-cathode cir- 
cuit of a vacuum tube, the collector-emitter circuit of a 
transistor, or another saturable core can be used. 

Figure 10 shows a second-stage reset amplifer which is 
controlled by a first-stage saturable core. Both stages 
are reset amplifiers of the type described above. The 
first stage is controlled by a transistor. The reset wind- 
ing Neo of the second stage comprises the load for the 
first stage. With no reset voltage on the first stage, the 
first stage core will be saturated so that it can absorb 
very little voltage, and most of the interstage supply 
voltage Exe will be available for the reset winding of the 
second stage Nps. The interstage supply voltage Ex. is 
adjusted so that the second stage core is reset fully with 
no reset voltage applied to the first-stage core. 

With no bias or control voltage applied to the base of 
the transistor, the collector-emitter circuit acts as a very 
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high impedance, so that all of the first-stage reset supply 
voltage Ey, appears across the transistor. If, when the 
collector voltage is positive, a positive voltage is applied 
to the base, the impedance of the collector-emitter cir- 
cuit is reduced, and the first stage is partially reset. The 
first stage will be unsaturated for a portion of the cycle, 
reducing the reset voltage available for the second stage 
and causing it to be saturated for a portion of the cycle. 
Thus. the output of the second stage is proportional to 
the voltage applied to the base of the transistor. 

Figure 11 shows two half-wave amplifiers placed back- 
to-back to produce a full-wave amplifier channel. The 
amplifier will respond to both a-c and d-c signals. The 
bias transformer 7, applies a small voltage to the base 
of the transistors to bias them past the dead space. The 
double rectifier CR2 in the output circuit produces an 
alternating output voltage. The bridge rectifier CR] con- 
verts this alternating voltage to a direct voltage. O00 


First Second 
stage stage 


Fig. 10—Two-stage reset magnetic amplifier. 





—Full-wave two-stage magnetic amplifier. 





Aluminum-Clad Copper Magnet Wire 
for Elevated-Temperature Use 


Composite wire combines the electrical 
conductivity of copper with the oxidation 
resistance of aluminum. In the range of 
100 C to 300 C the loss of current-carry- 
ing ability is less than that of copper. 
Details of research and fabrication prob- 
lems and some evaluation data for such 
applications as motor design are given in 


this report. 


Cc. L, CARLSON 

Metallurgical Applications Section 
Materials Engineering Department 
WesTINGHOUSE ELectric CorRPORATION 
East Pittsburgh, Pennsylvania 


As A RESULT OF A RESEARCH PROJECT initiated and ex- 
ecuted by the Westinghouse Materials Engineering De- 
partment, an enameled aluminum-clad copper magnet 
wire (Fig. 1) is now being evaluated for elevated-tem- 
perature use. This composite wire is expected to permit 
motor operation at higher temperatures than now pos- 
sible with copper wire. There are silicone-base enamels 
available that will, in fact, outlast the copper conductors 
on which they are applied under trying conditions of 
elevated temperature operation. Since these enamels are 
not impervious to atmospheric oxygen, progressive oxi- 
dation of the copper causes eventual failure. 

Copper wire, even when coated with the best high- 
temperature insulations, oxidized excessively at tempera- 
tures above 250 C (480 F). Aluminum wire, whether 
coated or not, does not suffer similar degradation. When 
heated in air at 260 C (500 F) for a one-year period, 
bare copper wire loses cross section area due to oxida- 
tion while bare aluminum wire retains its size and its 
conductivity. The difference in behavior is due to the 
peculiarities of the oxides formed. 

The use of solid aluminum wire conductor as a direct 
substitute for copper is not attractive owing to space 
limitations and power requirement of standard lines of 
motors. This is especially so in view of the motor rerating 
program in which the size of standard motors has been 
scaled down. Relatively high conductivity of aluminum- 
clad copper wire, coupled with excellent resistance to 
oxidation, offers attractive advantages for elevated tem- 
perature use. In addition, certain high-temperature in- 
sulations adhere much more readily to aluminum surfaces 
than to copper surfaces. 
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Preliminary Investigations 


Preliminary experiments for preparing the clad wire 
involved several alternative methods. A goal was set for 
an experimental lot of 0.045-in. diam wire having a sur- 
face amenable to satisfactory enameling by standard 
procedures. The thickness of the aluminum cladding 
is limited by a desired 90 per cent International 
Annealed Copper Standard (IACS) conductivity for the 
composite wire and by the difficulty of fabricating a wire 
having a thin metallic coating. A cross-section area of 
20 per cent for an aluminum alloy of 50 per cent elec- 
trical conductivity will, theoretically, give the desired 
overall conductivity. It was decided that this amount of 
aluminum should be used in order to keep fabrication 
difficulties at a minimum. 

Several series of l-in. copper rods and small-gage cop- 
per wires were first variously surface-treated and alu- 
minum was then either cast around them in a mold or 
was applied by dipping. Results were unsatisfactory with 
a hot-dip coating of aluminum over bare copper, copper 
wire plated with iron or with nickel. The casting method 
used did not produce satisfactory material, but offers 
certain distinct advantages that warrant further devel- 
opment. The copper rods were then also inserted 
into sections of extruded aluminum tubing and the com- 
posite rods were swaged and reduced to 14-in. diam 
without cracking. They were further reduced to 0.060 in. 
and then to 0.045 in. diam wire by drawing. 

To satisfactorily reduce a composite rod of aluminum 
and copper, a firm bond between them was found to be 
necessary. All efforts to reduce such a composite rod 
failed until certain means were used to avoid formation 
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6.0026 in. (22.5 per cent). 


of the brittle alloy layer. Results of the experimental work 
suggested that a metal barrier layer was required between 
the copper core and the aluminum cladding to limit for- 
mation of brittle copper-aluminum alloy layers and to 
promote metallurgical bonding. 

Barrier layer tests were made to determine which of 
several promising metals would best serve the purpose. 
Short lengths of %4-in. diam copper rod were electro- 
plated to 1-mil thickness with various selected metals and 
alloys. Silver has consistently proved most satisfactory. 
Silver work-hardens at a rate between those of copper 
and aluminum while that for nickel lies considerably 
above copper. Of the components of aluminum-clad cop- 
per wire, the copper core and the silver barrier are com- 
mercially pure while the aluminum of the cladding is 
alloyed with about one per cent of manganese. The latter 
alloy’s rate of work-hardening is higher than that of 
pure aluminum. 

Figure 2 illustrates, for example, the unsatisfactory 
result of swaging a composite bar with tin as the barrier 
layer. Figure 3 shows another specimen of wire contain- 
ing silver as the barrier layer. There are no intermetallic 
compounds in the copper-silver alloy system, but the 
silver-aluminum system contains several that are not as 
objectionable as the copper-aluminum intermetallics. 
This sample shows the growth of this alloy layer. 

Production of the desired experimental lot with a coat- 
able surface proved to be difficult. After many trials, and 
almost as many failures, a successful 250-lb lot was pro- 
duced by means of the tube method already described. 
A cross-sectional view at 100x of a bare sample 
of this material appears in Fig. 1. Excellent bond- 
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Fig. 2—Example of unsatisfactory layer bar- 
rier. After swaging, this aluminum-clad cop- 
per bar with tin barrier layer cracked 
severely. Similar results are obtained with 
zinc, lead, cadmium-tin alloy, tin-zine alloy. 
and tin-cadmium-zine alloy barrier layers. 
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Fig. 3—Photomicrograph (500x) of etched section of .0.080 in. diam aluminum-clad copper wire showing silver barrier layer. Good 
bonding has resulted throughout the section. There is a discontinuous layer of oxides between the silver and the aluminum. 


ing of the components has been achieved. Note also the 
concentricity of the aluminum cladding of the silver bar- 
rier layer of this representative specimen of the lot. 


Properties of Aluminum-Clad Wire 


Table I presents tensile properties, bend test results, 
flexibility test results, and the conductivities, both before 
and after aging, for one month at 200 C, of aluminum- 
clad copper wire. All of the lots which were drawn to 
the final size of 0.045-in. diam had similar mechanical 
properties. Unfortunately the aluminum tubing orig- 
inally supplied for this work had a wall thickness that 
gave it somewhat too great a proportion of the cross- 
section area of the composite wire. The conductivity was 
found to be about 83 per cent IACS, rather than the 


desired 90 per cent LACS. 

Additional tests were carried out on both bare copper 
wire and the aluminum-clad copper wire. Aging tests at 
various temperatures in air show that the rate of decrease 
of current-carrying capacity is greater for bare copper 
wire than for aluminum-clad copper wire. 

Below 100 C both wires are reasonably oxidation 
resistant. From 100 C to 300 C both bare wires gradu- 
ally lose their current-carrying abilities, the copper at 
a rate higher than that of the aluminum-clad cop- 
per. In the range 300 C to 400 C, the metallurgical 
process of metal diffusion, which causes loss of conduc- 
tivity in aluminum-clad copper becomes progressively 
more rapid and a relatively short time at 500 C is sufh- 
cient to destroy the usefulness of this composite wire. 


Table I—Properties of Aluminum-Clad Copper Magnet Wire’ 


Yield | Conduc- 
tivity 
per cent 


1ACS: 
83.6 


Flexibility test, no. of cycles 
Ultimate | strength, ation to fail over indicated radius Flat 
strength, | 0.1% off- | in8in., —————|——— peers bend 
psi set, psi | per cent 0.50 in. 0.25 in. 0.10 in. | test 
27,200 13,200 26.6 47.0 
27,600 13,000 28.5 34.5 
27,150 10,300 26.6 37.5 
26,100° 10,450 24.6 34.0 


Elong- 


Sample 
No.> 


Condition 

OK 
OK 
OK 
OK 


15.5 
15.0 
14.0 
15.0 


As received 
As received 
Aged 1 month at 200 C 
Aged 1 month at 200 C 


82.4 


Annealed 0.045 in. 
copper wire 35,050 32.3 25.0 


12,750 10.0 


"Prepared by the “‘tube’’ method (see text) and using a silver barrier layer. 
Specimens Nos. 1-4 are bare aluminum-clad copper; No. 5 is annealed bare copper 
*Wire broke in grips 


‘International Annealed Copper Standard is 100 per cent 
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Likewise, bare copper is rapidly destroyed at 500 C but a= 
a result of a different metallurgical process: that of severe 
oxidation. Oxidation of unprotected copper wire proceeds 
continually, resulting in a constant rate of decrease in 
diameter at all temperatures over 100 C. 

Aluminum-clad copper wire, 48 mils diam, has very 
nearly the same resistance per unit length as copper wire, 
45 mils diam. Table II compares their relative increase 
in resistance at specific temperatures. 

All measurements were made at room temperature 
(25 C) after aging at elevated temperatures for various 
lengths of time up to two weeks. Aging effect is expressed 
as increase in ohms per 1000 ft per day and is based on 
the normal resistance of 45-mil copper and of 48-mil 
aluminum-clad copper wire, which is 5.100 ohms per 1000 
ft. 

Curves in Figs. 4 and 5 show the per cent loss in room 
temperature resistance for the two types of bare wire upon 
aging in air at the temperatures indicated. 


Metallurgical Considerations 


Many interdependent factors have been involved in the 
experimental production of aluminum-clad copper magnet 
wire. Of prime interest are the peculiarities of oxide 
formation of the components of the wire and the effects of 
mutual diffusion of those components into one another. 

Almost all of the utilization problems encountered 
were directly related to one or both of these factors. 
Fundamentally, oxidation is dependent upon the process 
of diffusion. Copper oxide grows by diffusion of copper 
through the copper oxide layer to the surface where inter- 
action with oxygen builds up the oxide layer. This process 
decreases the diameter and consequently the current- 
carrying capacity of the copper wire which, in turn, 
causes overheating, accelerated oxidation and eventually 
failure. 


Oxidation of copper continues until the copper is con- 
sumed. Oxidation of aluminum, contrariwise, is a self- 











Per cent decrease in room temperature resistance 





6 
Aging time, days 


Fig. 4—Per cent loss in room-temperature resistance for alumi- 
num-clad copper wire after aging at indicated temperatures. 
Wire is 48-mil diam (normal resistance 5.100 ohms per 1000 ft.) 
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Table Il—Resistance vs Temperature for Bare 
Copper and Aluminum-Clad Copper Wires 








Increase in resistance, 
ohms per 1000 ft per day* 


0.048 in. 





0.045 in. 
Temperature, aluminum-clad copper wire 
deg C copper wire 
100 none 0.004 
150 0.001 0.005 
200 0.006 0.010 
250 | 0.006 0.012 





*Resistance of 1000 ft of 0.048 in. diam aluminum-clad copper wire and 
of 1000 ft of 0.045 in. diam copper wire is 5.100 ohms 


limiting Aluminum oxide forms extremely 
rapidly on freshly cleaned aluminum surfaces, grows 
apace, but then upon reaching a critical thickness of about 
four ten-millionths of an inch undergoes a crystallo- 
graphic change which markedly increases the resistance 
of the oxide layer to further penetration by oxygen. Since 
aluminum is a very active metal, this mode of oxidation 
is one of its most important and desirable characteristics. 

Copper and aluminum diffuse into one another under 
various conditions of time and temperature. As with all 
pairs of metals forming intermetallic compounds, a dif- 
fusion layer is formed which contains the compounds 
shown in a binary phase diagram of the metals. The cop- 
per-aluminum diagram shows five intermetallic com- 
pounds. Depending upon the extent to which diffusion 
proceeds one, two, or all of these compounds are easily 


process. 


visible when the structure is examined under a micro- 
scope. Another property of diffusion alloy layers is that 
they are harder and more brittle than the parent metals. 
Many critical problems arose in the actual fabrication 
of this wire. Continuing research may result in improved 
methods (approaching a continuous process operation 
rather than the batch method currently utilized). © © 









Per cent decrease in room temperoture resistance 





Aging time, days 





Fig. 5—Per cent loss in room-temperature resistance after aging 
of 45-mil diam copper wire (normal resistance 5.100 ohms per 
1000 ft). 
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This 5-watt operational amplifier, shown before encapsulation and after test, 
has been stabilized with thermistors for an ambient temperature range of —65 
to +250 C and operated successfully for 3100 hr at 250 C. Only lack of suit- 
able rectifiers prevents 500 C operation: similar transformer designs have al- 
ready proven themselves at the higher temperature. Here are the highlights 
of an Air Force material-component development program evaluating magnetic 
core materials, conductors, insulation, rectifiers, core mounting methods and 


encapsulation techniques for... 


High-Temperature 
Magnetic Amplifiers 
and Transformers 


*Now with the Chrysler Corporation, Detroit 
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ONLY WITHIN THE LAST YEAR has the availability of 
silicon-junction rectifiers for continuous operation at 175 
to 250 C made it possible to design a stabilized magnetic 
amplifier capable of meeting Specifications MIL-E-27 and 
MIL-5272a with continuous operation at 250 C. Yet the 
rapidly changing and increasingly stringent requirements 
for aircraft control components have already made a top 
ambient temperature of 250 C too low for future con- 
sideration. In fact 500 C is now the target. Consequently 
the Wright Air Development Center has sponsored a 
heavy program of evaluating components and techniques 
for aircraft control devices to operate at 500 C ambient. 
Under Contract No. AF-33(616)-3410 this has been a six- 
pronged study of: 

1. Magnetic material characteristics 
Conductors and conductor insulation 
Interlayer insulation 
Rectifier systems 
Core mounting methods 
6. Encapsulation techniques. 


Vie Ww bo 


These studies have already led to the design of a mag- 
netic amplifier with stable control characteristics from 

65 to +250 C. Extension of the upper thermal limit 
is now dependent solely on the development of a high 
temperature rectifier. In the meantime, the other neces- 
sary components have been proved out through the de- 
sign and development of transformers and simple mag- 
netic amplifiers capable of continuous operation in the 
500 C ambient. 


Amplifier Characterisitics for —65 to +250 C 


An operational type amplifier was chosen to represent 
average requirements. Specifically these can be given as: 
Input resistance—50 ohms 
Load impedance—350 -+- 7 200 ohms 
Time constant—3 cycles 
Power gain—500 
Power output—5 watts 


Maximum load current—120 ma 


Alternating current output was a primary criterion 
so the doubler circuit of Fig. 1 was chosen as the design 
base; requirements necessary for an operational ampli- 
fier could be obtained by simple modifications of this 
circuit. Another advantage of the doubler circuit is its 
relative independence of rectifier characteristics. 

Reduction in size and weight was necessary since pri- 
mary use of the amplifiers was in aircraft control systems. 
A core material and rectifier combination were therefore 
required that would exhibit maximum possible gain per 
unit volume under conditions of stabilized operation. 
A number of core materials and rectifiers were eliminated 
from further consideration because of undesirable en- 
vironmental dependency. Among these were Supermalloy 
and ferrite core materials, and germanium and selenium 
rectifiers. 

The magnitude of amplifer deviations due to compo- 
nent thermal dependency is shown by the control char- 
acteristic of an uncompensated doubler circuit designed 
for normal excitation at room temperature. Observe from 
Fig. 2 that the room temperature control characteristic 
of this test amplifier is generally acceptable with regard 
to (a) linearity, (b) low current minimum, (c) power 
gain, and (d) current maximum. 

A reduction in ambient temperature results in a slight 
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increase in amplifier gain and a slight decrease in out- 
put current minimum. Also, some slight reduction in 
output current maximum is seen. An increase in the am- 
bient temperature results in an increase of the output 
current maximum with a sharp rise in the output mini- 
mum. Accompanying these changes is a reduction in slope 
of the static transfer characteristic. 

Each of these changes may be attributed to thermal 
dependency of various components in the circuit. A major 
characteristic change is the reduction in back resistance 
of the doubler rectifiers with increasing temperature. A 
direct result of this change is an increase in the desaturat- 
ing ampere turns of the amplifier cores, resulting in a 
reduction of slope as well as a shift to the right of the 
static transfer characteristic. 

Another major change observed in this characteristic 
is an increase in the output minimum which results from 
a reduction in core constants He and Bg (all symbols to 
be used are defined in Table I) with increasing tempera- 
ture. Because the amplifier was designed for unity excita- 
tion under room temperature conditions, a reduction in 
core constants results in over-excitation of the core at 
higher temperatures with a resulting higher current out- 
put minimum. 

An increase in output maximum with increasing tem- 
perature is caused by a reduction in rectifier forward 
resistance in combination with the lesser effect of an 
increase in load winding resistance. 

To achieve a stabilized static characteristic with this 
amplifier it is necessary that compensation devices or 
networks be utilized to minimize the effects of thermally 
dependent components. 

Figure 3 shows the general method of accomplishing 
this compensation. The nonlinear resistance R, in com- 
bination with diode D, provides bias to an auxiliary 
control circuit of the amplifier; the amount of bias is di- 
rectly proportional to the ambient temperature. This serves 
to shift the transfer characteristic back to the left (Fig. 2) 
so that the output maximum at high temperature occurs 
at the same value of control current as the room tempera- 
ture maximum. In order that the slope of the high-tem- 
perature characteristic shall now equal that of the room- 
temperature characteristic, it is necessary first to insert 
negative feedback which is effective in the low-tempera- 
ture ranges, and, second, to provide a positive feedback 
which is effective in the high-temperature ranges. 

This change in amplifier gain may be accomplished 
by either of two methods: (a) two control coils with 
two separate thermistor networks providing positive and 
negative feedback in different temperature regions, or 
(b) one control coil with a thermistor bridge exhibiting 
a crossover point between negative and positive feedback 
at room temperature. Compensation scheme (a) is pre- 
ferred to that of (b) from the standpoint of circuit ad- 
justment arising because of variations in core materials 
and rectifiers. Use of scheme (b) will allow compensation 
of amplifier components if the variations are negligible. 
This scheme has the advantage that only one control cir- 
cuit is necessary; hence, the time constant of the ampli- 
fier is less than that exhibited by the system described 
under (a). 

Another point of interest in the design of this ampli- 
fier is the selection of a unity excitation voltage to avoid 
over-excitation of the core at the high-temperature limit. 
This may be very easily accomplished by placing the 
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Fig. 1—Basic magnet.c ew piifier 
doubler circuit before adding t-m- 
perature compensation of Fiz. 3. 


unity excitation potential at that value required by the 
load member and computing the load turns requirement 
on the basis of core constants as they exist at slightly 
above the high-temperature limit. With the cores excited 
in this manner they will be under-excited for all tempera- 
tures less than the maximum. This circumstance, how- 
ever, is not undesirable from the standpoint of amplifier 
dynamic response or thermal stability. 

As a consequence of such a core excitation, the output 
current minimum is low at high temperature as given by 
Hel 
bo Ni 
and remains very much the same at lower temperature 
because the under-excited loop width He qr) is approxi- 
mately the same as the unity-excited loop width He gr), 

Minor variations in the output current maximum due 
to the subtractive effects of increasing winding resistance 
and decreasing rectifier forward resistance are usually of 
such magnitude that no circuit compensation is required 
to minimize them. 

Shown also in Fig. 2 is the control characteristic of 
the temperature-compensated amplifier employing the 
means discussed. The gain of this amplifier has been 
stabilized at a value greater than the uncompensated high- 
temperature value, by the amount of positive feedback 
employed, and less than the uncompensated room-tem- 
perature value, by the amount of negative feedback 
utilized. 


Core Materials 

Shown in Table II are the graphical data representing 
variation in Ho and Bs for various magnetic materials 
in the temperature range 25 to 350 C. As previously indi- 
cated, the saturation flux density and coercive force each 
decrease with increasing temperature, the decrease being 
greatest for initially narrow-loop materials and least for 
wide-loop grain oriented silicon steel. Actually the satura- 
tion flux density for 4-79 Mo-Permalloy disappears at its 
380 C Curie temperature. 

These data may be employed in an amplifier load cir- 
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Comparison of control characteristics of uncompensated am. 


plifier of Fig. 1 with those of final compensaied amplifier of Fig. 


cuit design wherein the unity excitation point is chosen 
at the top operating temperature, thus, 


Hn) =? 


o, is the value at the high-temperature liimit. 

Study of Table II further allows the conclusion that 
Hipersil or Silectron core material may be utilized at an 
operating temperature of 500 C. Aging data taken for 
Deltamax material held at 250 C and for Silectron mate- 
rial held at 500 C continuously, indicate no change in 
core constants with time; however this data has only 
been observed over a 5000-hr period and is not con- 
sidered conclusive. 

Rectifiers 

Rectifier thermal dependency is charted in Fig. 4. 
These data represent an average taken from rectifiers 
submitted by various manufacturers. Very little differ- 
ence is seen to exist in the electrical characteristics of 
these types; however the greatest difference exists in the 
method of mounting and connection to the silicon plates 
utilized by different manufacturers. Rectifiers which failed 
at relatively low temperature (150 C) did so because 
of a soft metal backing employed on the silicon plate or 
because soft solder was used in connecting external leads 
to the backing material. 

The reduction in back resistance apparent from Fig. 4 
may be visualized as being directly responsible for the 
reduction in gain and characteristic shift shown in Fig. 2. 
Either the ampere-turn data from this figuure or the re- 
verse resistance data from Fig. 4 may be utilized in se- 
lecting thermistor resistance values for the positive and 
negative feedback circuits as well as the bias stabilization 
circuit. 

Since available silicon rectifiers are limited to operat- 
ing temperatures below 260 C, and it appears that a 
very maximum temperature of operation would be 350 C, 
it is necessary to consider other types of rectifier systems 
capable of operation in ambients as high as 500 C. Among 
the physical systems which show promise in this respect 
are: aluminum oxide, aluminum oxide and barium oxide, 
barium oxide and iron oxide, silicon and silicon oxide. 
Certain of these combinations have been shown to ex- 
hibit back-to-front ratios as high has 2000:1 in the range 
425 to 500 C with nonconducting properties below 400 C. 
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Table I—List of Symbols 










Negative 
feedback 
O 





Rw input resistance (control) 
















Zi Load impedance 

i Load current 

Tix Input or control current 

He Dynamic coercive force 

Hp D-C coercive force 

Br Remanence flux density 

Bs Saturation flux density 

os Saturation flux 

Heir) Dynamic coercive force at low temperature 









ov O Hccat) Dynamic coercive force at high temperature 









Fig. 3—Final amplifier circuit with thermistor compensation ! Path length of magnetic core 
for ambient temperature range of —65 to +250 C. Ni Load turns of core 
E, Load voltage 









Much effort will be required, however, before these sys- 
tems will have reached a state of development sufficient 
to establish final properties. 


Insulating Materials 


Insulated conductors suitable for use in the range —65 
to +250 C are available. Among the various conductors 
evaluated for this range and the range —65 to +500 C 


were: 


Table !!-Variation of Core Properties 
with Temperature 


1. Single and double Teflon-covered Ceroc 
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Rect- 

sisiseamallists « % 7. aia __ sad angular Mo 
(ceramic coat with Teflon overlay) on nickel Silec- Silec- Delta Dane pen 
plated copper. tron | tron Z-4' = max alloy Cc 
2. Double-wound glass fiber covered on = cons cor cael wae | Cie 

ic D . . le ° 

nickel-plated copper. ; D-C Coercive 0.247 0.217 ~= «0.070 | 0.0153 25 
3. Single Teflon-covered Ceroc on silver wire. force 0.247 0.209 0.076 0.0127 100 
4. Double-wound glass-fib ‘ered silver amp-turns 0.243 0.209 0.087 0.0113 150 
a a ee ee em 0.235 0.209 | 0.097 | 0.0113 200 
wire, ; 0.209 0.173 0.092 | 0.0106 250 
5. Oxide-coated aluminum wire. 0.209 0.191 0.089 Failed 300 
6. Deposited silver on ceramic plates. 0.217 0.174 0.078 Failed 350 
The evaluation tests necessary to determine charac- H. 0.634 0.614 0.256 0.0267 _65 
teristics of these conductors for use in both toroidal and Dynamic 0.590 0.553 0.192 0.0226 25 
solenoidal type core windings included the following: a oat oa Pt oueae > 
a. Dielectric twist test at selected temperatures. amp-turns 0.507 0.492 0.131 0.0164 200 
b. Dielectric abrasion test. cm 0.472 0.461 0.120 0.0164 250 
» etic dneas aaa inn 0.442 0.461 0.115 | Failed 300 
c. Dielectric test following 300 hr aging. 0.428 0.430 0.104 += Failed = 350 
d. Sag tests. —- —_—— |__— — -- 
Sn el nada ’ ABr 1.213. 1.123 | 1.231 | 1.920 65 
e. Resistance measurement during aging to de teenth 1176 10968 1"169 1900 rH 
__ termine oxidation rate. 250 C 1.132 1.129 1.169 1.900 100 
Use of conductors (1) and (2) for solenoid-type wind- temperature — 1.103 1.045 1.154 1.800 150 
ings in an ambient restricted to a maximum of 260 C was 1.057 1.000 1.154 1.600 200 
Pies 1.000 1.000 1.000 1.000 250 
attempted; however, tests (a) and (b) eliminated con- 0.956 0.903 0.678 Failed 300 
ductor (2) from further consideration owing to inherent 0.901 0.871 0.680 Failed 350 
glass-fiber brittleness. Even though this conductor could ABs 1.042 0.899 0.985 | 1.050 _65 
be used in high-voltage solenoid windings with as ey to 1.042 0.921 0.985 1.010 25 
ae ij tN cera 250 1.042 0.921 | 0.985 | 1.010 | 100 
es i “= ae ae a * was unsuitable for tomparature | 1.881 0.921 0.985 1010 150 
use at 500 » due to failure under sag test and failure 1.031 0.899 0.985 1.100 200 
caused by aging degradation. 1.000 1.000 1.000 1.000 250 
A final choice for toroidal winding at a maximum tem- — — 0.se8 —— oe 
Tor te g 1.031 | 0.877 0.844 | Failed | 350 
perature of 260 C indicated the use of type (1) conductor sa camseianaiy nied kaknpmbiinathate dls 
to take advantage of its abrasion resista se Br 0.825 0.849 1.000 0.821 — 65 
cr ele coiled m resistance when used “aa 0.800 0.810 | 0.950 | 0.941 25 
wl , a toroidal coll winder, 0.770 0.833 0.950 0.941 100 
Conductor (3) performed satisfactorily in thermal am- 0.757 0.771 0.937 0.891 150 
Lente <i tee te a 0.732 0.756 | 0.938 | 0.727 200 
bie nts above 260 C with occasional insulation coating 0.708 0.680 0.722 0.500 250 
fracture caused by the abrasive action of the slider on the 0.699 0.700 0.767 Failed 300 
toroidal coil winding machine. Limiting top temperature 0.619 0.675 0.655 Failed 350 


Fig. 4—Average forward (below) 
and reverse (right) characteristics 
for IN158 silicon-junction rectifiers 
supplied by various manufacturers. 




















OC after 6 hr. 
250C after 48 hr’ 
004 0.06 0.08 
Average forward current,amp 


was 360 C after which the heretofore solid ceramic coat- 
ing entered a free powder state. 

A comparison of conductors (4) and (5) disclosed 
unacceptable properties in (5) due to failure in sagging 
and aging tests. 

A short term (35-hr) sagging test at 500 C revealed 
that aluminum wire deteriorated appreciably in cross 
section and elongated to such an extent that its use in 
solenoid windings would only be possible if a ceramic im- 
pregnant were employed to hold the outside turns to the 
wound structure. A 6000-hr sagging test on conductor 
(4) at 500 C indicated completely acceptable properties 
in a solenoid-type winding. 

Preliminary observation of conductor (6) demon- 
strated acceptable performance at temperatures exceeding 
500 C. However, the mechanical details associated with 
this structure are still in question. 

Interlayer insulating materials studied for use in the 


—65 to +250 C included: 


Bonded mica splittings 

Sheet mica, muscovite or phlogopite 
. Sheet asbestos 
. Sheet Teflon 

Silicone-bonded glass cloth 


range 


These materials were used in solenoid windings utilized 
with DU laminations and C cores. Teflon tape interlayer 
insulation was employed in toroidal coil test amplifiers 
only between the load and control windings. It softened 
at the normal temperature limit for Teflon, 250 C. Actu- 
ally, an interlayer insulation was not otherwise needed 
with the present amplifier because of its low a-c excita- 
tion voltage. 


172 


Material (1) was not restricted to the 250 C maximum 
temperature entirely, since it was used as the basis of 
core tubes to be used with 500 C solenoid windings. This 
was possible since the silicone resin active bonding agent 
reverts to a solid inorganic state when operated in the 
500 C ambient. Thus, a core tube so composed represents 
a mechanically stable structure with resultingly high 
dielectric strength due to its mica component. 

Phlogopite sheet mica was observed to be stable me- 
chanically and yet maintained its low conductivity and 
high dielectric strength at 500 C. It was therefore used as 
an interlayer insulation for both transformers whose 
characteristics are shown in Table III. These transformers 
are shown in Fig. 5 after being subjected to a 1000 hr 
continuous run at 500 C. 

Materials (3), (4) and (5) were mechanically un- 
stable above 260 C and so could not be utilized. 


Encapsulation Methods 


Silicone rubber, suitably filled with glass fiber, pro- 
vided acceptable encapsulating compounds for the opera- 
tional magnetic amplifier described. Owing to frequent 
batch-to-batch variations in viscosity of such liquid 
rubber stocks as may be commercially supplied, it is 
recommended that compounds be made up as needed, 
utilizing the optimum derived ratio of silicone rubber, 
glass-fiber filler, solvents and other ingredients, as may 
be necessary. 

Silicone-rubber encapsulated units have been obtained 
that have shown no deterioration after several thousand 
hours operation at 250 C. The unit described at the be- 
ginning of the article has been in operation for 3100 hr 
without exhibiting cracks or shrinkage recession from the 
metal surface. 

Encapsulating materials investigated for use at 500 C 
consisted of over a dozen different cements normally em- 
ployed for use with such electrical equipment as heaters, 
irons, soldering tools, and electric furnaces. Such mate- 
rials, however, were observed to exhibit conductivities as 
low as 10° ohm-cm at 500 C. As a result they could not 
be employed with the transformers listed in Table III. 
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Type I 


Filament type 

380 to 1200 cps 

Primary: 115 volts rms 

Secondary: 15.6 volts rms at 2.2 amp 


Plate power type 
380 to 1200 cps 


amp 

Resistive type load 

f rectifier 

Secondary to frame: 170 volts d-c 
Weight approximately 0.3 lb 

Volume approximately 3.0 cu in. 





+4 per cent when a constant load is applied. 
Note: 


Transformers constructed similarly to the transformer prototypes shown in 
Fig. 5 have successfully passed all of the tests contained in the above specification. 


Another undesirable property of these materials was their 
poor bonding to metal and mica surfaces as may be seen 
from the photograph shown in Fig. 6. 

Finally selected for encapsulation of the 500-C trans- 
formers was a silicone resin varnish. A multiple dip-coat- 
ing technique was utilized. The glass-fiber wrapped trans- 
formers were dipped several times in the varnish and 
then subjected to a 2-hr bake at 200 C and 4-hr bake at 
500 C. The final impregnated and encapsulated cured 
structure withstands MIL vibration specification tests. 

Nickel was utilized for terminals and core mounting 
bands to minimize oxidation effects. Since the losses of 
a low temperature (250 C) magnetic amplifier are kept 
low to achieve high gain it is not necessary to provide a 
heat sink for its toroidal core structure. Similarly the 
design of both 500-deg transformers required that a low 
current density be employed in order to minimize wind- 
ing /R drop at peak operating temperature. As a result, 
the operating temperature of the transformer windings 
are only 10 to 15 C above the ambient. Thus, no necessity 
exists for use of a high thermal conductivity heat sink 
and therefore a nickel steel mounting plate was used. 


Core Mounting Means 


Toroidal magnetic materials suitable for use in the de- 
scribed magnetic amplifier are available in aluminum, 
molded nylon, and molded or fabricated plastics laminate 
cases. Other types of mounting investigated were Supra- 
mica (glass-bonded synthetic mica), molded Teflon, and 
glass-fiber reinforced plastics cases. Aluminum cases were 
finally selected because of their stable geometry at 250 C 
and their ability to withstand clamping during the wind- 
ing operation. A silicone-varnish sealed glass-fiber insert 
in the open end of the aluminum toroidal case prevents 
the entry of varnish or rubber impregnant after winding. 

Although DU laminations mounted in a simple alu- 
minum rack provided a thermally stable structure, their 
use was not allowed on the basis of low exhibited gain 
per unit volume of material. 

Standard Silectron C cores were utilized in the 500-deg 
experimental transformers. Nickel steel banding of the 
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Table lii—High-Temperature Transformer Specifications 


Type II 


Primary: 115 volts rms 
Secondary: 870 volts rms CT at 0.06 


Inductive input filter on associated 


Secondary to frame: 285 volts d-c 
Weight approximately 0.4 lb 
Volume approximately 3.3 cu in. 


Each of these transformers shall be capable of operation in an ambient temper- 
ature from 200 to 500 C for 1000 hr and shall further withstand the MIL-T27a 
shock and vibration tests as specified in Paragraphs 2.16, 4.7.13.2, 3.15, and 4.7.12. 
Variation in output voltage over the temperature range shall be no more than 


























































Fig. 5 


Filament transformer (top) 
and plate transformer (bottom) after 
1000 hr continuous run at 500 C. 
Transformers were built to specifica- 
tions of Table III using phlogopite 
mica for interlayer insulation. 


wound core to a nickel-steel base constituted a stable 
mounting means both for wide variations in thermal am- 
bient and high vibration. 


Future Possibilities 


The present maximum operating level of 260 C can be 
raised to 325 C with the use of newly available high- 
temperature silicon rectifiers. Further extension to 500 C 
is dependent upon the outcome of present investigations 
of ceramic rectifiers which, in early studies, have shown 
useable characteristics. 










Fig. 6—Unsatisfactory 
cement - encapsulated 
transformer after test 
at 500 C. Multiple sil- 
icone varnish dipping 
of glass-fiber-wrapped 
construction proved 
better. 
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Commutator Switch for Motor Actuator 


Lo? Se 
Fig. 1—General Electric FKC remote 
control oil switch brought up a motor- 
actuator control problem. 


Fig. 2—Shade-pole 


modification. 


before 


gearmotor 
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W. C. MITCHELL, JR. 

Vanager, Production Engineering 
Outdoor Distribution Devices 
GeneraL Extectric Co., Philadelphia 


PROVISION FOR REMOTE OPERATION of 
a toggle-activated oil switch, Fig. 1, 
created a problem in controlling the 
motor actuator. The oil switch is a 
14.4-kvy pole-mounted type for switch- 
ing capacitors. outdoor lighting and 
load break applications. The switch 
is moved to open and closed position 
alternately by the toggle action through 
a unidirection fhp gearmotor of the 
shaded-pole type. 

The problem of electrically control- 
ling such a gearmotor and _ providing 
for two or more start and stop opera- 
tions has been solved in the past by 
the use of a 360-deg reference cam. 
controlling two or more make-and- 
break contacts properly oriented to 
the required positioning of the motor 
and the device being controlled. It re- 
cently became desirable to review such 
an application in order to reduce 
space requirements and provide a sim- 
pler design. 

Since small gearmotors, Fig. 2, nor- 
mally utilize at least one gear that 
can be referenced for 360-deg opera- 
tion, such a gear could be modified 
for control purposes. The controlling 
device would have to be limited in 
thickness and diameter in order to 
fit into the gearing arrangement and 
insulated to meet the dielectric require- 
ments normally associated with a-c 
control circuits. A commutator-type of 
“printed circuit” switch met these 
requirements as shown in Fig. 3. 

The controlling disk is made of a 
silver-plated copper stamping cemented 


to an insulating sheet which is in 
turn cemented to the gear wheel. The 
contact fingers are made of spring 
copper and are mounted in plastic. 
The controlling disk has also been 
successfully manufactured utilizing an 
electrolytically printed circuit made 
from commercially available copper- 
clad laminate. As before, one 360-deg 
operation of the gear is made for a 
complete open-and-close cycle of the 
oil switch. 

The motor mechanism of the switch 
can be controlled by a_ thermostat, 
voltmeter, ammeter or time switch. 
Nitrile rubber gaskets on the cover 
and bushing of the switch are used 
for sealing. The operating shaft handle 
utilizes a one-way seal to permit vent- 
ing of internal pressure and to mini- 
mize thermal-cycle breathing. Experi- 
ence to date with the arrangement 
shown leaves little doubt that a simpler 
and improved design has been achieved. 

O00 


Fig. 3—Start-stop commutator switeh for 
toggle actuator. 
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Optical Comparator Checks Torque Motor Output 


Use OF A SPECIALLY ADOPTED optical 
comparator has enabled Midwestern 
Instruments, Tulsa, Okla.. to reduce 
more than tenfold the adjusting and 
inspection time on its torque motors. 
Made in two basic sizes, the torque 
motor is a powerful actuator designed 
primarily to stroke the pilot pistons 
in hydraulic or pneumatic servo valves. 
It can also be applied as a _ basic 
transducer to convert a few watts of 
input into a linear mechanical motion 
with a force up to 10 lb. The torque 
or force is proportional to the differ- 
ential current in two opposed coils 
acting on a pivoted armature. One 
model is shown in Fig 1. 


Fig. 1—Midwestern Model 9 torque 
motor has a rocker-type armature provid- 
ing displacement with small electrical 
inputs to opposing coils. 


Figure 2 shows an envelope tolerance 
drawing indicating the total spread 
for the Model 9H torque motor over 
which the output displacement in mils 
versus the input current in milliamperes 
may vary. Since the displacement is 
a matter of 16 mils maximum, ultra 
precision was needed in the measure- 
ment of displacement, and Midwestern 
Instruments experimented with a wide 
variety of methods before finding one 
which was completely satisfactory. 


Unloaded displacement 
& hysteresis plot 


% B SG 


Displacement, mills 


Milliomps 
20 15 10 


mechanical stop. 


- 
o 
e 
oO 
c 
9 
~ 
2 
° 
Ee 


Fig. 2 


method called for the 
use of a micrometer with an electrical 
contactor system to indicate the point 
at which the micrometer made elec- 
trical contact with the moving arma- 
ture. Major drawback to this technique 
was the amount of time—frequently 
exceeding 114 hr—required to make 
the necessary measurements for a 
dozen current values, plus and minus. 

A second method made use of a 
dial indicator to monitor the armature 


One early 





15 
Differential current 
(or current in one coil) 


5% sensitivity 
r~ Hysteresis(3%) 


= | 


Expionation of limits 


Envelope tolerance drawing of Model 9H torque motor showing 


armature displacement plotted against differential current in the two coils. 


Fig. 3—Bausch & Lomb optical comparator adopted to inspection and adjustment of 


linear torque motor. 
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Fig. 4—Closeup of fixture for mounting 
torque motor on platform and use of 
pointer to obtain mechanical gain of 10:1 
on armature displacement. 
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displacement. This technique, however, 
created loading effects upon the arma- 
ture which caused displacement errors 
so large as to make it impossible to 
guarantee that a 
fall within the 


envelope. 


given unit would 


specified tolerance 

Finally, with the aid of a 
sentative from the Tulsa office of the 
DoAll Company, a new technique us- 


repre- 


ing an optical comparator was devel- 
oped. A type 33-12-11 Bausch & Lomb 
comparator was equipped with a spe- 


cial screen as indicated in Fig. 3. 


Ball Bearings 
Replace 
Bronze Bearings 


REDUCTION IN TORQUE required by 75 per 
cent and in shaft misalignment due to 
former bushing wear was achieved in 
the Remington Rand electronic card 
sorter by the substitution of special Versa- 
Twin double-row ball bearings. These 
bearings, made by The Hartford Steel 
Ball Co., West Hartford, Conn., replace 
bronze bushings on 14 parallel shafts in 
each sorter, which handles 48,000 cards 
per hour. Although an integral bearing 
is illustrated that carries both radial and 
thrust loads, parts of the end product can 
form the inner and outer races of the 
Versa-Twin bearings, thereby contributing 
to miniaturization and simplification of 
assembly of the end product. OOO 


In addition, the table of the compara- 
tor was fitted out with a_ special 
holding jig. The center meter of the 
instrument panel indicates the differ- 
ential current and the two outside 
meters show the current values in each 
of the two differentially coupled coils 
in the torque motor. 

To make the measure- 
ments, the torque motor is mounted 
on the vertical block shown in Fig 4. 
\ pointer is attached to the armature 
for producing a 10:1 mechanical gain 
of its displacement. This mechanical 
gain, in conjunction with the optical 
gain of the comparator (20:1), pro- 
duced a total overall expansion of the 
armature displacement by a factor of 


necessary 


200. The mechanical displacement of 
the normal torque motor appears as 
an almost full-scale displacement on 
the screen of the Bausch & Lomb com- 
parator. A calibration scale with minor 
divisions equivalent to 0.0001 in. of 
armature motion is engraved on the 
comparator scale. 

Use of this system has allowed Mid- 
western to speed up the adjusting and 
inspection of its torque motors by more 
than 10 times. It also provides an 
exceptionally accurate method of 
measuring the characteristics desired. 
Taken jointly, these two direct results 
have made the optical comparator sys- 
tem satisfactory to both production 


and inspection. »O 


Drive for High Inertia Motor Loads 


CIRCUIT AND EQUIPMENT STRESSES are 
encountered in the starting of motor- 
driven high inertia loads, such as fly- 
wheel drives, presses, large fans, many 
machine tools. In textile mill equip- 
ment, a particular need is for the soft 
start of heavy inertia card mechanisms. 

For this and similar applications, the 
Dodge Manufacturing Corporation of 
Mishawaka, Indiana, has evolvea the 
Flexidyne* drive package, applicable 
to standard motors. Among other 
features this unit offers reverse opera- 
tion, which is of importance in textile 
machines for card stripping. 

The convenient form of this package 
unit permits versatile application to 
different drive problems. Smaller stand- 
ard motors may be selected, their sizes 
and ratings based on running load 
rather than on high starting load re- 
quirements. 

The Dodge Flexidyne is appropriately 
termed “the dry fluid drive.” Cen- 
trifugal action effectively packs a flow 
charge of heat treated steel shot be- 
tween the drive housing, which is keyed 
directly to the motor, and the drive 
rotor disk connected to the mechanical 
load. Motor and load become locked 
together after a brief period of slippage 
while starting. Thus the desired gradual 
load pickup is followed by 100 per cent 
transmission efficiency while running. 

The Flexidyne is readily adaptable 
for specific drive problems since the 
amount of flow charge is easily varied 
to give the overload protection, degree 
of slip in relation to speed and torque, 
required for different types of load. 

In the card drive illustrated, the 
packaged unit consists of motor 
mounted on a_ pedestal through an 
adjustable base, and the Flexidyne 
drive which is keyed to the motor shaft. 
Drive to the card shaft is by three V- 


Trademark of the Dodge Manufacturing Corporatio 


Dry fluid drive applied to textile card 
machine. 


belts. Grooves cut in the driven hub of 
the Flexidyne transmit power directly 
by steel cable belts to the stripper 
drive pulley. OOO 


Elements of Flexidyne operating 
principle. 
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THE 0.5-0Z INSTRUMENT shown in Fig. 
1 occupies 0.3 cu in. and employs 
three transistors, 87 subminiature 
and “*, battery which is 
smaller than a dime. It is completely 
self-contained and is designed to fit 
into the ear. Among the problems to 
be solved in developing this instru- 
ment were the problem of “feedback” 
and the problem of size. “Feedback” 
was overcome by a specially designed 
flexible mount between the microphone 
and the earphone which absorbs enough 
sound vibration to permit proper opera- 
tion. To reduce the instrument to the 
size and shape required called for new 
subminiature components. An earphone 
was developed which contains 1100 
turns of 0.0015 in. diam wire; a new 
magnetic microphone was designed 


components 


to take advantage of all the space 
available (34 in. 


* 3/3 3). 










Fig. 1—Sonotone Model 222 hearing aid. 
Designed to be worn in the ear with no 
external attachments of any kind. 





Need 
called for a special portable machine. 


to strip heavy rectangular wire 
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Subminiaturized Hearing Aid Weighs 2 0z 


The chassis for the Model 222 in- 
strument is shown in Fig. 2. The sub- 
miniature transistors and other com- 
ponents are mounted on a_ small 
printed-circuit board. 

The gain of the amplifier shown 
schematically in Fig. 3 is said to be 






sufficient to correct hearing losses up 
to 50 db. No volume control or power 
switch is employed. The gain is ad- 
justed by a Sonotone technician to 


suit the wearer; the amplifier is turned 
off by removing the battery and plac- 
ing it in its carrying case. 


000 





Fig. 2—Subminiature hearing aid printed-circuit board and fully assembled chassis. 


Battery clip is on the right. 


: 
{ 


Receiver 


$—wwws—— 









Fig. 3—Hearing aid amplifier circuit diagram. 


Wire Stripping Machine for Heavy Insulated Wire 


R. GEORGE ROESCH, President 
Tue Eraser Company, Inc. 


THE REQUIREMENT FOR REMOVAL of the 
insulation from four sides of rectan- 
gular wire, ranging in size from a mini- 
mum of 0.075 by 0.140 in. to a 
maximum of 0.145 by 0.342 in. bare 
copper wire dimensions, called for the 
development of a new type of wire 
stripper. The insulation could be either 
asbestos 0.006 in. thick or glass fiber 
0.0045 in. thick. In either case the 
bare wire is first varnished and either 
the asbestos or the glass fiber embedded 
in it. The former is treated with an 
asphalt and a baking type varnish. The 
glass fiber insulation is treated with a 
phenolic thermosetting baking varnish. 
The stripping job is tough on both 
types. 

Because the wires to be stripped 
might be as long as 40 ft, the equip- 
ment had to be completely portable 









Brushes with guard removed. 


rather than a bench type. Stripping 
length was set at 24 in. 

It was decided to use a pair of wire 
wheel brushes, 4 in. diam and about 
444 in. high, and to drive them at 
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about 4200 rpm. So that the length of 
the strip could be controlled, an adjust- 
able stop for the ends of the wires 
was placed behind the stripping wheels. 
One wheel was spring mounted on a 
sliding fixture so that the stripping 
wheels would spread apart as the wires 


were inserted and return to the opti- 
mum position for stripping the last film 
of varnish. 

The motor and drive units, plus an 
adequate suction cleaner to draw off 
the residue resulting from the stripping 
operations, are housed in a cabinet 
mounted on casters. All electrical 
equipment was selected to meet JIC 


Electrical Standards, and the pushbut- 
ton control was located on the front 
of the equipment. A safety switch is 
used to prevent rotation of the brushes 
when the guard or hood over them was 
open. 

Standard components 
throughout in the building of this 
equipment. > ¢ 


were used 


Insulation Problems in Submerged Pump Motors* 


Encapsulated field 


M. J. CARROCCIO, Application Engineer 
GENERAL ELectrric Company, Fort 
Wayne, Ind. 

SELECTION OF ADEQUATE electrical in- 


sulation systems and of a_ bearing 


lubricant are major problems in the 
design of direct motor-driven submers- 
ible water pump systems for farm and 
home use. The motor is directly cou- 


pled to the pump at the bottom of the 
well. Current designs favor 4 in. diam 
motors. This size gives the motor de- 
signer sufficient diameter to obtain the 
electrical and mechanical performance 
required by the application. NEMA 
Motor Standards cover these require- 
ments in Section MG-1, Part 7, revised 
August 1956. 

Since shaft seals can not be relied 
upon, the motor must be able to oper- 
ate satisfactorily in water. The prob- 
lem of ground insulation system design 
then arises. Many approaches have 
been taken toward its solution. 

Operation of a transformer winding 
in oil is quite common and hence an 
open-winding, oil-filled motor would 
appear to be a logical first approach. 
In this design an expansion chamber 
is usually provided to take up the ex- 
pansion and contraction of the oil. 
This chamber may also be spring 
loaded in order to keep a positive in- 
ternal pressure at all times. With this 
construction, one must rely on perfect 
sealing at the end shield rabbets and at 
the rotary shaft seal to keep water 
from entering. Much work was done in 
testing of shaft seals. While the proper 
selection of mating materials can im- 


*Abstracted from the paper “‘4-In. Diameter Motors 
for Submersible Water Well Systems," presented at 
the AIEE Winter General Meeting in New York, Jan 


21-25, 1957 
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prove seal performance, all tests indi- 
cated leakage to some degree. In spite 
of positive internal pressures provided 
by the spring-loaded diaphragm and an 
abundance of oil, field test motors 
showed the presence of water. It is 
believed that, under certain conditions, 
the seal actually exerts a pumping 
action. 

Since these motors are used in a 
vertical, shaft-up position, any water 
entering through the shaft seal will 
pass through the stator in settling to 
the bottom of the motor. Should water 
settle in a vital spot of the winding. 
winding failure may be relatively ra- 
pid. The addition of water results in 
lowering the dielectric strength of the 
oil to a point where it may act as an 
electrolytic solution. Through any small 
imperfection in the magnet wire insula- 
tion, copper may then be displaced 
resulting in ultimate failure. 

Some work has been done utilizing 
an open-winding water-filled motor. In 
this construction, waterproof insula- 
tion, such as polyethelyne, is extruded 
over each individual strand of wire. 
This results in a motor having a very 
high space factor which is generally 
compensated for by the use of addi- 
tional lamination stacking. Care must 
be taken to assure that the insulation 
is perfect over its entire length and to 
positively secure the winding to protect 
the insulation from mechanical abra- 
sion. 

Motors have been designed using a 
“canned” type of construction. Here, a 
metallic liner is inserted in the stator 
bore and welded, silver soldered, or 
sealed by an O-ring or other gasketing 
means to end rings fastened in the 
stator shell. This liner must be non- 


magnetic and should not be affected by 
the well water. It may be thin, relying 
on the stator bore and other design 
factors for its support, or may be heavy 
enough to withstand hydrostatic pres- 
sure. In either case its presence must 
be considered in the electrical design. 
Since mechanical clearances of the ro- 
tor must still be maintained, it can be 
seen that the heavier the lining mate- 
rial, the greater the extra electrical 
losses for which compensation must be 
made. Once this liner is installed. the 
void between the shell and liner is 
usually filled with a plastics potting 
compound having good heat-transfer 
characteristics. 


Epoxy Encapsulation 


Motors with encapsulated = stator 
windings have also been built. The use 
of an encapsulated stator permits mini- 
mum air gaps consistent with good 
mechanical design. The encapsulated 
stator must be sound—free of voids 
which might cause hot spots. The en- 
capsulating material must not be af- 
fected by the fluid being pumped and 
must have good heat transfer charac- 
teristics. It must also be impervious to 
damage from normal temperature 
changes in the stator windings. Be- 
cause of important advances in devel- 
opment of epoxy resins, encapsulation 
offers excellent possibilities for present 
and long range product development. 

In the encapsulation process, care 
must be taken to assure cleanliness of 
the components involved. Epoxy resins 
have excellent adhesion to most metals, 
plastics and rubbers. However, a film 
of cutting oil on a surface to be encap- 
sulated sometimes acts as an effective 
release agent, reducing adhesive prop- 
erties. Slot wedges and other insulation 
materials should be wax free. Preheat- 
ing the stator may be desirable to 
insure complete impregnation of the 
windings. The casting operation itself 
may then be handled either by a vac- 
uum-pressure technique or by centrif- 
ugal casting. The cure cycle may be 
controlled by selection of the 
resin, the ratio of resin content to filler 
and hardener, and by the applied tem- 
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perature. Heat-transfer characteristics 
of the epoxies are satisfactory for this 
application. They can be controlled to 
a large degree by the type or amount 
of filler selected. A greater content of 
filler would raise heat transfer charac- 
teristics. 

Epoxy encapsulated stators have 
been used extensively in submersible 
gasoline pump motors for over three 
years. Results have been excellent, 
with time producing no apparent 
change in material characteristics. 
Other special applications have been 
made where winding operating tem- 
peratures are in the neighborhood of 
125 C. Here too, material performance 
has met application requirements. 


Lubrication Problem 


In selecting a lubricant for the mo- 
tor, the following requirements were 
set up: 

1. Viscosity should be low so as to keep 
rotor shear losses to a minimum. 


2. The lubricant should be miscible 
with water. 

3. The lubricant should not contami- 
nate the well water. 

. It should not freeze, while in 
transit, to the point where motor 
damage would result. 

5. It should have good lubrication 
qualities for long bearing life. 

. It should be compatible with other 
motor components. 

Low viscosity oils were tested and 
rejected because they were not mis- 
cible with water. Bearing surfaces, 
once wetted with oil, have difficulty 
in maintaining a hydrodynamic film of 
water. This condition could occur after 
years of service. 

With the addition of an emulsifying 
agent, oil gives a lubricant miscible 
with water. Bearing performance be- 
comes much more uniform but the 
addition of 10 to 20 per cent water 
causes a thickening of the emulsion, 
approaching the consistency of mayon- 


Acrylic Resin-Coated Slot Insulation 


ACRYLIC RESIN-COATED GLASS-FIBER 


CLOTH is being used by Century Elec- 
tric Company, St. Louis, Missouri, for 
slot insulation in a-c generators in 


ratings up to 300 kw. In this change- 
over from the previously used mica and 
paper slot cells an overall cost reduc- 
tion has been achieved without sacrifice 
of Class B requirements. 

The resin used for this slot insulation 
is DuPont’s Lecton, a recently devel- 
oped acrylic material suitable for Class 
B insulation and especially useful for 
insulation systems where resistance to 


Fig. 1—Lloyd L. Evitts, Century Electric 
shows sample of Du Pont Lecton-glass used as slot liners. 


various solvents, oils, and Freon is 
necessary. 

The Lecton-glass fabric has been se- 
lected particularly because of its uni- 
formity in thickness. This has been 
consistently 0.015 in. As against this. 
the mica and paper composite material 
had shown variations in thickness from 
0.020 in. to 0.040 in., with an average 
of about 0.030 in. Moreover, the paper 
backing is held to be an impractical 
use of slot space, since the mica per- 
forms the primary insulation function. 
The secondary function of the slot 


design engineer. 
insulation. 
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Fig. 2—Close-up view 


naise. Increasing the percentage of 
water drops the emulsion back to its 
original viscosity state. With such a 
sharp increase in viscosity, rotor shear 
losses would rise to a point where 
dangerous overloads would occur. 

Synthetic oils are entirely miscible 
with water, but have rather high vis- 
cosity in their undiluted state. Water 
may be added to lower the viscosity 
to an acceptable level but this results 
in a relatively high freezing point, in 
the neighborhood of 30 F, which is 
objectionable. Some question is also 
raised as to the toxicity of synthetic 
oils. 

Distilled water meets all previously 
stated requirements except for the rel- 
atively high freezing point. The addi- 
tion of USP grade propylene glycol, 
which is entirely miscible with water, 
provides satisfactory anti-freeze protec- 
tion. Acceptable to health authorities, 
this solution satisfactorily meets all 


the conditions set forth. 


liners, mechanical protection of the 


coils during winding operations, is 
more effectively performed by the ho- 
mogeneous Lecton material. Slot-size 
reduction and increased coil design 
flexibility are thus possible with this 
insulation. Freedom from _ brittleness 
and overall improved handling are 
added advantages, according to the 
Century engineers. 

This insulation is received in 36-in. 
wide rolls, 100 yards to the roll. which 
are sheared to the required size as used 
in the slots. In the winding process, 


shows details of slot insertion of Lecton 
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sections of the cloth are first cut, then 
placed in each slot and secured to pre- 
vent shifting. The coils are then in- 
serted into the slots, and the slot in- 
sulation trimmed to proper height, 
folded in an over-lap fashion across 
the top of the slot and secured by a 
top stick, made from a canvas-based 
phenolic laminate. Finally the entire 
unit is given a suitable application of 
varnish. Century people report that, so 
far, no breakdown has been experi- 
enced with any of the Lecton-glass slot 
insulators. Other applications have been 
made as phase sheets, where varnish 


NnnNe 


glass was replaced. 


Plug-In Fire Alarm 


CONVENTIONAL THERMOSTAT-TYPE fire 
alarm systems for the home have the 
disadvantage of requiring low voltage 
wiring and associate transformer and 
relays if the wiring is to be strung along 
the walls and base board. The Plug- 
Alarm can be plugged into any 115-volt 
outlet. It incorporates within its plastics 
case a bimetal thermostat and a buzzer 
alarm. When room temperature reaches 
140 F the contacts close and the alarm 
goes off. It continues to sound the alarm 
until the temperature drops to 100 F or 
the device is removed from the outlet. 
The device can be tested by applying 
heat (even a lighted cigarette) to a small 
thermal disk at the front. Made by Gard- 
ner Laboratory Inc., Bethesda, Md. 


“Specification” Materials Used in Wall Receptacles 


RAPID EXPANSION IN HOME BUILDING in 
the last few years has created a num- 
ber of problems for the architect and 
builder, not the least of which are 
shoddy wiring devices in which price 
is substituted for quality. One manu- 
facturer on the West Coast, Sierra 
Electric Corporation of Gardena, Calif., 
has attempted to rectify this situation 
by manufacturing a line of Specification 
Grade receptacles that will reflect their 
quality both to the electrical contractor 
and to the home buyer. Carefully chos- 
en materials are used for conductors 
and insulation, and the covering wall 
plates have been designed to blend with 
any room decor. 


Es & | il 


Some of the Specification Grade wiring 
devices designed to meet the needs of 
quality building construction. 
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Wall plates are supplied in thermo- 
setting plastics in ivory or brown, stain- 
less steel and brass, the last two either 
polished or a brushed satin finish. A 
design patent (appearance) has been 
applied for on the wall plates. Henry 
Hughes, Palo Alto industrial designer, 
assisted engineering 
ment in these refinements. 

These new Sierraplex receptacles are 
supplied in three-wire grounding type 
or in two-wire receptacles. Holes are 
provided for back wiring, and with 
large binding screws for conventional 
side wiring. Slots are U-shaped for 
ground blade NEMA 
standard. 

All conducting parts are fully en- 
cased in thermosetting arc-resistant 
plastics. Phenolic compounds are used 
for brown colored housings, urea for- 
maldehyde materials in all ivory and 
other light colored devices. These ma- 
terials have proven their dependability 
over many years and are the least ex- 
pensive of all plastic materials suited 
to this application. Both types are mold- 
ed in conventional semiautomatic or 
automatic molding presses. Molding 
shrinkages of both are approximately 
the same (about 0.008 in.) so that 
either material can be used in the 
same mold. Electrical insulation proper- 
ties are well suited for items of this 


type as indicated by the following 
values: 


Sierra’s depart- 


according to 


Phenolic Urea 
Dielectric strength, volts/mil 325 370 
Dissipation (power factor) 
60 cycles 0.07 4.3 
Volume resistivity, ohm/cm 1.0 x 104 5.0 x 10"! 
Dielectric constant, 60 cycles 5-6 6-7 


These materials have excellent sur- 
face hardness and finish which resists 
scratching, thereby retaining their orig- 


inal appearance over many years of 
service. 

Commercial bronze (90/10) was 
chosen for all current carrying parts be- 
cause of its combination of properties. 
In today’s competitive market it was 
necessary to determine the best possible 
alloy and at the same time consider the 
cost. Several phosphor-bronze alloys 
were considered, costing a minimum of 
37 per cent more, but were dropped, 
primarily because of their relatively low 
conductivity. Most phosphor bronzes 
have an electrical conductivity of 11-18 


© 


Contemporary design of wall plate (3 
wire grounding shown) is intended to 
reflect high quality of device behind the 
plate. 
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; Best Suited” tor 


. HIGH TEMPERATURES 
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VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat endurance at 


temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were developed by Varflex for 
applications involving continuous operating temperatures up to 260°C 
Exceptional stability is combined with the following qualities .. . 


Flexibility — sharp turns and 90 
bends cause no cracking or peeling 
—no loss of dielectric strength. 


Dielectrically-Strong — All grades con 
form to NEMA and MIL-1I-3190 stand- 
ards. 


Moisture-Resistant — including resist- 
ance to salt water, mild alkalis and 
acids. 


Flame-Resistant — Standard burning 
test is 45 seconds to burn | inch. Can 


Send for FREE SAMPLES 


be made self-extinguishing on specia 
order. 


Cold-Resistani — Excellent resistance 
to chafing and abrasion, flexible to 


35°C.* 


65°C,and 
for applications requiring extraord- 
inary flexibility, we recommend our 
new Varglas Silicone Rubber sleeving 
and tubing. Inquiries invited. 


*For temperatures down fo 


Mail coupon today for free folder 
containing 25 different test samples 
of Varflex insulating sleeving, tub- 


ing, lead wire and tying cord. 
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per cent, whereas 90/10 commercial 
bronze has a conductivity of 43 per cent. 
The tensile strength of the phosphor 
bronzes, with conductivity equal to 
90/10 commercial bronze, is only about 
3000 psi greater (less than 5 per cent) 
at equivalent hardnesses. 

For the small rivets to assemble the 
grounding contacts to the mounting 
straps 80/20 low brass was chosen. Al- 
though slightly more expensive than 
stock yellow brass rivets they possess 
superior aging and fatigue properties 
needed to provide trouble free service 
for the life of the receptacle. 

Plating quality (No. 2 finish) low 
carbon cold rolled steel strip (SAE 
1010) is used for all steel parts. In all 
cases tempers as hard as possible (Nos. 
3 and 4) have been specified in order 
to obtain maximum strength and min- 
imum distortion during plating and as- 
sembly operations. The bright finish of 
the metal provides a base for an ex- 
cellent appearing plating job. Aircraft 
quality bright zinc plating is specified 
throughout and provides more than 
twice the thickness of plating that could 
ordinarily be expected from a commer- 
cial plating job. Bright zinc was used 
because it provides ample protection of 
the parts and maintains its attractive 
appearance over a much longer period 
of time than could be expected of cad- 
mium plating. Nickel plating was not 
considered because of the scarcity of 


nickel. 3 


Molded Pulp Protective Packaging 


TO PROTECT FRAGILE ELECTRICAL COMPONENTS like glass pH electrodes 
in shipment, Leeds & Northrup Co. adopted the molded pulp “Ship 
Shape” package illustrated. The base supports the electrode and a 
form-fitting top fits snugly into place over it. A folding box serves 
as the overall container. No damage complaints have been received 
since the package was adopted. The Ship Shapes, which are custom 
molded to perform a variety of protective packaging jobs, are manu- 
factured by the Tekmold Products Plant of the Bemis Bro. Bag 

A om 


Company, Minneapolis. 
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Beryllium Copper Aids Grip of Miniature Test Jack 


CRITICAL CIRCUITRY, ESPECIALLY IN ELEC- 
rRONICS, often calls for handy test 
points at which external meter readings 
or qualitative checks may be taken. The 
main design consideration is a jack that 
would accommodate a_ considerable 
range of probe or jack diameters, yet 
would retain a tight grip even with the 
smallest diameter insertion within the 
wide range. 

Earlier efforts at evolving a satisfac- 


tory “Press-Fit” test point jack by 
Sealectro Corporation of Mamaroneck, 
N.Y., featured a two-leaf brass contact 
snugly fitted into a Teflon bushing. 
The Press-Fit test point jack is simply 
press-fitted into chassis or panel hole, 
thereby eliminating the need for any 
mounting hardware. The one-piece in- 
stallation is non-breakable, immune to 
usual vibration, and is fungus-free. 

However, when such a jack was in- 
serted into a thick metal chassis or 
panel, the interference fit of the bush- 
ing was likely to bind the contact leaves 
to the extent of impairing easy inser- 
tion and extraction of the plug. Also, 
an oversized probe or plug was likely 
to spring the leaves beyond the limited 
resiliency of the metal and therefore 
would no longer grip and retain a 
smaller diameter. 

Seeking the much desired resiliency 
and grip retention, Sealectro engineers 


went to beryllium copper and a four- 
leaf contact. The latter provides maxi- 
mum and lasting spring temper. Also 
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Interchangeable 
Coil Assemblies 


A Yet 


hh Ys 


t (} } DIMENSIONS-—Length 3%”. Width 22”. Height 2/6”. WEIGHT-—11 oz. 


Interchangeable Coil Assemblies 


provide innumerable operating variations 
for experimentation —production—field servicing! 


No solder connections necessary when changing coils. This relay 

eee that introduced 25 ampere power and interchangeable coil assem- 

; blies—the Guardian Series 2100-U Power Relay—has become the 

The Standard Unit standard unit of control for a host of heavy duty applications, in 
of Control for: less than six months. Standard unit has D.P.D.T. contacts rated at 
25 amperes continuous duty A.C., with 75% power factor. Coil 

HEATERS « MOTORS voltages available, 6 to 230 volts A.C., 6 to 220 volts D.C. Operating 
ELEVATORS ¢ WELDING power requirement is 9.5 VA, coil drain approximately .080 amperes 


TRAFFIC SIGNALS ¢ AUTOMATION at 115 V., 60 cycles. Built to meet U/L specifications. 


Arrange for delivery of a production sample. Write for bulletin PR. 


GUARDIAN W ELECTRIC 


1627-G W. WALNUT STREET CHICAGO 12, ILLINOIS 
‘*Everything Under Control’”’ 


PiL2e 
a 


sf 
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the contact member was made floating 
or independent, and therefore quite un- 
impaired regardless of chassis or panel 
thickness within wide limits. 

The result is Sealectro’s SKT-10 test 
point jack which meets in diminutive 
size and severest requirements such as 


encountered in MIL specs. Designed 
for standard 0.080 in. test probes, the 
SKT-10 jack takes an oversized 0.083 in. 
diam without deforming, or holds a 
0.077 in. pin with minimum of 2-oz re- 
tention. 

The one-piece metal insert is ma- 
chined from _ beryllium-copper rod, 
which is heat-treated after machining. 
The metal insert is plated with gold 
over silver. 


One of the main uses for the SKT-10 
is in patch-cord panel boards such as 
are found in electronic calculators and 
other intricate circuitry. Because of 
the one-piece self-insulated construc- 
tion, the jack can be mounted in thin 
aluminum stock, obviating the need for 
thick phenolic laminate panels. The 
aluminum mounting board may be 
drilled or punched for the necessary 
holes. 000 


Semi-Automatic Manufacture of a Choke Coil 


DAVID ESPERSON 
Television Receiver Department 
GENERAL ELectric CoMPANY 
Syracuse. N. Y. 


WITHOUT SUITABLE 
automation is 


PRODUCT DESIGN 
extremely difficult if 
not impossible, and can rarely be 
economically justified. The redesigned 
choke coil shown in Fig. 1 is presented 
here as an example of the interrelation- 
ship between design and_ successful 
automatic manufacture and assembly. 

The familiar pi-wound choke shown 
in Fig. 2 is common in. television 
receivers; the inductance values are 
from 5 to 1500 yh. The old style 
coil consists of a winding on a paper 
coil form which is slipped over a 
dummy resistor whose sole function 
is to provide connection leads for the 
coil, the winding wire (No. 36 AWG) 
being too fragile for this purpose. The 
assembly is protected by wax impreg- 
nating and flashing. 

The new design, shown in Fig. 1, 
consists of a 0.025-in. thick fish paper 
backing tape, No. 23 W & M gage 
(0.026-in.) tinned book-binders’ wire 
and a coil wound of polyurethane- 
enameled magnet wire wrapped with 
cellulose-acetate film. 

The continuous strip backing tape 
acts as a support for both the wind- 
ing and the wire staples and provides 
an easy means of handling the coil 
during its manufacture and assembly. 

The wire staples serve as leads. The 
top ends of the staples provide coil 
hook-up points; the other ends are 
used for support and for connecting 
the coil to the circuit. 

Fig. 3 illustrates the new winding 
technique which does not require coil 
forms. The coil is wound on a bare 
spindle. It is then moistened with 
acetone which momentarily dissolves 
the acetate serving on the wire and 
allows adjacent turns to fuse to each 
other so that the coil becomes a solid, 
rugged. self-supporting unit. The poly- 
urethane enamel, being impervious to 
acetone, precludes shorting of turns. 
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Continuous and automatic winding 
is achieved with a fly winder. Mul- 
tiple spindles, mounted on a_ turret, 
are successively indexed into position 
opposite a winding fly. When a wind- 
ing has been completed the spindle 
turret is indexed, removing the com- 
pleted coil and positioning a bare 
spindle for the next winding cycle. 
The finish lead of the completed coil 
not having been cut, the wire is pulled 
through the fly during index, is still 
secure and becomes the start lead of 
the next winding. This also prevents 
the first winding from unraveling at 
this point. In its new position, the 
first winding is sprayed with acetone 
to fuse the acetate serving. At the 
next index of the turret, following 
the spraying of the second coil, the 
connecting lead between the two coils 
can safely be cut and the first coil 
stripped from the spindle. In this way 
continuous winding is obtained, since 
the need for securing start and finish 
leads is eliminated. 

The backing tape is received wound 
on reels in continuous strips of several 
hundred feet. The first operation per- 
formed on the tape is to punch pilot 
holes (44-in. diam) on 114 in. centers. 
These holes are used for indexing and 
positioning in subsequent operations. 

The next operation (Fig. 4) is the 
addition of staple leads. A standard 
Bostitch stapling machine is _ used, 
which makes the staples from reels 
of the tinned bookbinders’ wire. The 
tape is indexed by means of a special 
ratchet device which engages the pre- 
viously punched pilot holes to insure 
accurate spacing of the staples. The 
legs of the staples are bent outward, 
extending beyond the edges of the 
tape, Fig. L. 

The windings are currently applied 
to the tape manually. Fig. 5 shows 
the setup used. The stapled tape is 
fed through an air operated clamp 
press. QV cement is applied to the tape 
and 10 coils positioned thereon. The 
press holds the coils in place while the 
cement dries; during this time the 


Fig. 1—Choke coil designed for auto- 
matic production. 


operator twists the winding leads 
around the staples. Marking, fluxing 
and soldering are performed in the 
set-up pictured in Fig. 6. The staples 
end wrapped with coil leads are first 
dipped into flux and then passed 
through a solder pot. The solder burns 
off the acetate serving and _ polyure- 
thane enamel to permit a_ soldered 
joint. A rubber stamp wheel rides 
against the back of the tape and 
applies a code number. Indexing of 


Fig. 2—Conventional form-wound choke 
coil. 
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Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 
Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 

yOu need Time delay characteristics are fixed and tamper- 


proof. 


Adlake Relays are quiet, chatterless and require no 

tp maintenance whatever. 

you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1168 N. Michigan, Elkhart, Indiana. 


the Adams & Westlake Company 
New york ELKHART, INDIANA CHICAGO 


original and largest manufacturers of plunger-type relays 
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the tape is done by wheels with 
tapered pins which engage the pilot 
holes. This insures accurate immersion 
of the staple lead during the fluxing 
and soldering. 

The final step in manufacture is wax 
impregnation, done in a Barrett centri- 
fuge. Because the coils are protected 
by the reel, there is no chance for 
damage during this operation. 

The coils are currently being placed 
into printed wiring boards by hand. 
The reels are fed through an auto- 
matic cutter where an _ air-operated 
blade severs the coils into individual 
units which drop into totepans for 
delivery to the television assembly 
lines. 

In assembly to printed circuit boards. 
the unused ends of the staples are 
placed through holes in the boards. 

The new coil design has provided 
the following cost reductions: 


Reduction 
Item per cent 
Material 55 
Labor 20 


IME (Burden) 20 


Shop cost 30 


Of particular interest is the savings 
in material cost. The full impact of 
mechanization has as yet not been 
felt. Further labor savings are avail- 
able. Nevertheless, it is of great inter- 
est to see that redesign for automation 
can also bring about a_ substantial 
reduction in material costs. The re- 
design of the product was the key 
to success. 000 


Fig. 5—Setup for manually applying coil 
windings to backing tape. 


186 


Fig. 3—Coil winding machine provides continuous automatic production. Turret- 
indexed spindles provide a form for high-speed fly winders. 


4—Stapling machine inserts staples for coil leads. 


Fig. 6—Marking, fluxing, and soldering machine. 


JUNE 1957 ELECTRICAL MANUFACTURING 





“They’re rugged...stand up remarkably well’’ 


reasons Dietert moisture testing equipment 


uses BODINE MOTORS 


Mr. D. L. Buss, 
President, tells why 
Harry W. Dietert Co., 
uses Bodine Motors: 


"Our laboratory testing equipment 

is oftimes put to use in areas where 
it has to operate under difficult 
atmospheric conditions. Bodine Motors 
are rugged. Over the years they have 
stood up remarkably well. Then, too, 
in the Bodine line of motors we find 
the variety of fractional horsepower 


i types required in the instrument field." 


Here's a Bodine-motor-powered Dietert Moisture Teller in actior 
The operator can i moisture content of a wide range 
of materials .. . for example, textiles, soaps, tobacco, foodstuffs, 


} 


chemicals, and many other materials. Because the quality and 


jepend on moisture content, frequent 


Be sure your motor is as good as your product. For information contact Bodine Electric 
Company, 2256 West Ohio St., Chicago 12, Ill....or check your Sweet's Product Design File. 


) 


UVE eerTee 


3 oO D | N E Bodine manufactures fractional horsepower electric motors for: former” 


adding machines, letter openers, sanders, vending machines, 


AY 
—_ 
> 


i ) 
fractional vi horsepower ears exhaust fans, duplicating machines, hand dryers, portable tools, 
sound recorders, air conditioners, check protectors, 


Yd O I O rn on ae respirators, voltage regulators, X-ray timers, traffic signal timers, 


stirrers, calculating machines, envelope sealers, and for 
...the power behind the leading products many other applications. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





New Components 
and Materials 


A staff compilation of the latest developments . . . screened for design-in 


use in electrically operated end products . 


specifications and available application data. 


complete with all released 


LINEAR ACTUATOR CONTROLS OPERATIONS TO MILLIONTHS OF AN INCH 


[he Inchworm Motor is a linear actu- 
ator, designed to meet the need for 
a feed mechanism that is accurately 
controllable in the range of micro- 
inches. It finds applications in mechan- 
isms requiring microinch (0.000,005 in. 
to 0.0001 in.) dimensional control and 
has found its first large-scale use in 
machine tools, replacing the lead 
screws in centerless grinders produc- 
ing precisely finished hydraulic 
components. 

Employing the magnetostrictive 
effect, the armature of the new motor 
shrinks under the influence of an 
electromagnetic field, snapping back 
to original size when the magnetic 
field is de-energized. A pair of clamps 
cooperating with the armature convert 
the expansion and contraction undu- 
lations into forward or backward mo- 
tion. reversing on demand 
backlash. 

To provide relative motion between 
two bodies, each body is connected 
to one of the Inchworm parts; either 
part can be stationary depending upon 
the particular application. A very rigid 
connection between the members is 


without 


accomplished because no lead screws, 
split nuts, or bearings are in the path 
of force transmission. In addition, since 
no lead screw is employed, there is 
improvement in the system spring 
constant. The resultant system is ex- 
tremely rigid, yet reversible and free 
from backlash. 

The Inchworm lends itself to auto- 
mated equipment requirements, since 


it will, through a simple converter, 
respond directly to gage signals. Ma- 
chines may be made continuously re- 
sponsive to tool variations as well as 
material hardness variations and the 
many other variables that enter into 
precise machine finishing. Airborne 
Instruments Laboratory, Inc., 160 Old 
Country Road, Mineola, N. Y. 
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MINIATURE AIRCRAFT-TYPE RELAYS FOR DRY-CIRCUIT AND OTHER SERVICE 


Series of miniature aircraft-type 4PDT 
relays feature sealed coil within the 
hermetically sealed case and a com- 
pletely inorganic, simplified switch to 
provide reliability in dry circuit ap- 
plications. 

Designated “Diamond H” Series S 
Relays, the new devices can be stored 


188 


indefinitely and operated at tempera- 
tures from —65 to 125 C, without 
danger of contaminating the contacts 
and thereby causing malfunctioning. 
The coils are separately sealed and 
completely isolated from the switch, 
whose contacts are specially cleaned 
before assembly and final hermetic 
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Potter & Buundield PARENTER Re hme ARES ay Lot nY) a 


MECHANICAL MONSTER OR MODERN MARVEL? 


Select the P&B Relay which helps make the difference 
oth 


2 


AG Series MW Series — AB Series 

Enclosed Power Relay Appliance Type Relay 

Shock-Proof and Dust Proof with above Average 
Performance and Life. 


Appliance Type Relay, 
Heavy Duty Construction. 


Proper controls turn monsters into marvels... and controls are only as good 
as their components, such as relays. Without controls, this massive press, or 
any automated equipment, becomes a nightmare of disorganized force. 

P&B AG Series relays are particularly suited to automation. They are 
ruggedly constructed for excellent shock resistance, withstanding 100 G 
shock without mechanical damage. The AG is a tough relay designed for 
rough jobs. 

A metal enclosure keeps out shop dust and dirt. The phenolic base meets 
all U/L requirements for spacing and creepage distances . . . and the DPDT 
contact arrangement permits a wide variety of circuit variations. 

For over 25 years, P&B has been building relays, and modifying existing 
types, to suit specific applications. Write for new catalog or engineering 
consultation. 


ya 


ENGINEERING DATA 


SERIES: AG. Enclosed power relay 
for use in dusty or dirty appli- 
cations. 

CONTACTS: 3/16” dia. fine silver. 
Rated 5 amps., single break, 115 V. 
AC resistive. Rated 8 amps., double 
break, 115 V. AC resistive. 

CONTACT ARRANGEMENTS: SPST 
NO-DM, SPST NC-DB, DPST-NO, 
DPST-NC, DPDT. 

VOLTAGE RANGE: DC: 6 to 220 V. 
AC: 6 to 230 V. 

COIL RESISTANCE: 30,000 ohm 
moximum. 

POWER REQUIRED: 1.5 W. mini- 
mum DC at 25° ambient. 6 W. 
maximum. 

AMBIENT TEMP. RANGE: —55° C. 
to +85° C. 

TERMINALS: Screw type molded in 
phenolic base. 

ENCLOSURE: Special dust cover. 

DIMENSIONS: 2%” L. x 2 11/32” 
W. x3 5/32” H 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, ELECTRICAL AND REFRIGERATION DISTRIBUTORS __ 


See our catalog in 


* a 
Potter & Buurdield, me. PRINCETON, INDIANA Sweet's Product Design File. 


Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY Manufacturing Divisions also in Franklin, Ky. and Laconia, N.H. 
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Do You Have A 
Deburring 


Headache? 
GET THE FACTS ABOUT 


eeu 


MU Ta PAs RY AEA) 
“The World's Best For Industrial Use” 


Exceptionally superior and unparalleled for: 


DEBURRING, SMOOTHING, CLEANING 


and POLISHING operations 
after dimensional shaping 


For removing rust, heat-marks, tarnish, fatigue 
lines, scratches, excess solder, corrosion 
and other surface defects: for blending-in 
polishing welded seams, final sharpening and 
polishing to lustre-like finish. 


-/." 
< 


¢ 
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CRATEX IS MADE 


IN FOUR DIFFERENT GRITS 
Coarse Grit to Extra Fine in 


WHEELS - POINTS - BLOCKS 
STICKS - CONES 


For Machine or Manual Application 
on the broadest range of 


Hard and Soft METALS 


and other Materials 


Backed by over 30 years industrial, profes- 
sional and technical application, CRATEX 
Rubberized Abrasives are widely used na- 
tionally and in foreign countries. Made from 
“premium quality chemical rubber bonds” 
pressure-molded into uniform textures with- 
out hard or soft spots—resilient to absorb 
shock—ready for instant use—offer uniform 
controlled “cushioned action” with ease of 
manipulation for dimensional accuracy, with- 
out loss of tolerances. 


OPERATE SAFELY, EFFECTIVELY AT 


SPEEDS UP TO 5,500 S.F.P.M. 


Send for comprehensive illustrated catalog— 
learn how CRATEX Rubberized Abrasives can 
cut your costs, speed production and insure 
quality results. Sold at leading industrial 
supply dealers. 


CRATEX MANUFACTURING CO. 
81 Natoma St., San Francisco 5, Calif. 
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sealing of the outside case. The com- 
plete assembly displaces only 1.6 cu.in. 

Series S Relays are useful in guided 
missiles, computers, rockets, automa- 
tion control systems and similar de- 
vices and systems. 

Since the relays carry up to 10 amp 
in power circuits—or even 20 amps 
for short life requirements—they per- 
mit intermixing dry and wet circuits 
reliably. Standard contact ratings in- 
clude: 30 volts d-c; 115 volts a-c; and 
10 amp, resistive, also; 2 and 5 amp 
inductive, with special ratings avail- 
able to 350 volts d-c, or other com- 
binations including very low voltages 
and amperages, or amperages up to 
20. 

Coils are available with resistances 
of 1 to 50,000 ohms. Operating time 
of 24-volt models is 10 ms or less; 
dropout, less than 3 ms. 

Vibration resistances range from 10- 
55 cycles at 1/16 in. double amplitude 
to 55-2,000 cycles at 20; operational 
shock resistances to 50 plus and me- 
chanical shock resistance up to 1,000. 
Nine standard mounting arrangements 
are available. The Hart Manufacturing 
Co., 110 Bartholomew Ave., Hartford. 
Conn. 
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170 C SILICON 
RECTIFIERS 


Now in mass production are four 
170 C > stud-mount silicon rectifiers. 
RETMA-designated 1IN1115, 1N1116. 
IN1117, and 1N1118. They have peak 
inverse voltage ratings of 100, 200. 
300 and 400 volts with maximum rms 
voltage ratings of 70, 140, 210 and 
280 volts, respectively. The units are 
designed for a maximum output of 


600 milliamps at a case temperature 
of 150 C. At 85 C the devices have 
a maximum allowable d-c output cur- 
rent rating of 1.5 amp. 

All four rectifiers are capable of 
withstanding a maximum l-cycle surge 
current of 15 amp. Maximum full cycle 
average full load voltage drop at 150 
C is 0.65 volt, while the maximum 
average leakage current at that tem- 
perature is 0.4 ma for the 1N1115 
and 0.3 ma for the other three recti- 
fiers. 

Maximum operating frequency for 
the new silicon rectifiers is 100 ke. 


The rectifiers, designed with a 10-32 
stud for direct chassis mounting, are 
housed in a welded, all-metal case for 
maximum reliability. The silicon recti- 
fiers are said to meet military mechan- 
ical specifications for rectifiers. General 
Electric Co., Semiconductor Products 
Div., Electronics Park, Syracuse, N. Y. 
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10,000 HOUR MINIATURE 
TWIN TRIODE 


Low-mu miniature twin triode is an 
addition to one of the Amperex “Pre- 
mium Quality” line of 
10,000-hr tubes. 

The type E88CC/6922 also features 
high transconductors, low noise and 
exceptionally rugged construction. Its 
principal uses are in cascode circuits. 


guaranteed 


HF and IF amplifiers, mixer and phase 
inverter stages, and as a multivibrator 
and cathode follower in computers. 
It has a separate cathode for each 
triode section. Special Purpose Tube 
Division, Amperex Electronic Corp.. 
230 Duffy Ave.. Hicksville, Long Island. 
mS 
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HIGH-TEMPERATURE 
INSULATING MATERIAL 


Organic modified-silicone insulation ap- 
proaches the heat resistant require- 
ments of Class H_ silicone materials 
and has extremely good solvent re- 
sistance. 

Designated T-9278, the material is 
made of flexible straight-weave con- 
tinuous-filament glass fabric coated 
with a modified-silicone resin, Dielec- 
tric strength of the material, as mea- 
sured by the shorttime, 14 inch-diam- 
eter electrode method, is 1250, vpm 
at 1000 hr., 200 C. 

Solvent resistance after 48 hr. in 
both toluene and alcohol is good and 
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10 WASHERS IN SERIES 
35 LBS. AT .250 DEFLECTION 


DIVISIONS OF { 
ASSOCIATED 


SPRING 
CORPORATION 


WP Oy 


ASSOCIATED SPRING CORPORATION 


GENERAL OFFICES: BRISTOL, CONNECTICUT 
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HIGH LOADS 
in a Limited Space 


This useful type of spring may be the answer to your need where 
space and load requirements are a problem. Made to any di- 
ameter or thickness —can be stacked in series, parallel, or parallel- 
series, or as an ‘’Energy* Cartridge.’’ The experience of our engi- 
neers is available in a pamphlet, ‘Belleville Washers.’’ Write for 
your copy. 


Bb tele 4.1145 


4 WASHERS 
gel tel ae 


ie Oa 
.025 DEFLECTION 


ENERGY* CARTRIDGE 
“Patented 
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PERFECTION 


worm gear 


SPEED REDUCERS 


available in ratios 
of 5 to 1 to 60 to I 


Perfection Worm Gear Speed Re- 
ducers by American Stock Gear are 
available with ratios ranging from 
5 to 1 to 60 to 1 for input revolu- 
tions ranging from 300 per minute 
to 1800 per minute. 


Speed Reducers may be furnished 
with worm on top or bottom as de- 
sired. Integral worm and shaft is 
made of selected quality, case hard- 
ened alloy steel. Shafts are mounted 
in Timkin anti-friction roller bearings. 
Oil seals are of selected cirvis 
leather which assures maximum seal- 
ing effect. Available through your 
nearest American Stock Gear Dis- 
tributor. If you don’t know his name, 
write us. 


Write for 12 page Bulletin No. R-30 
listing the complete Perfection Series 
together with tables and other import- 
ant engineering data. 


ae a 


PERFECTION GEAR COMPANY 
HARVEY, ILL., USA 


after 48 hours immersion in 100 C 
oil no evidence of disintegration is 
observed. The new insulation has a 
ten-year life at 177 C based on extra- 
polated data. 

Material weighs approximately 1% 
lb. per square yard, is 0.007 in. thick 
and has a tensile strength of 164 lb. 
per inch width. Westinghouse Electric 
Corp., Micarta Div., Trafford, Pa. 
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VINYL-COATED HANDLE 
FOR ELECTRONIC 
EQUIPMENT CABINETS 


Useful on military and commercial 
electronic equipment cabinets, vinyl- 
coated aluminum handle is supplied 
with heat-treated mounting plate. Com- 
plete assembly is capable of carrying 
125 lb. without distortion. Handle 
swings a full 180 deg. and lies flat 


when not in use. The handle, thermally 
insulated and shaped to fit the hand, 
is designed to conform to MILT-945A 
and NAVORD-OSTD 600. Overall 
length is 5-1/5 in.; height (raised) 
2-5/8 in., lowered 34 in. Handle also 
can be supplied cut off and threaded at 
taper point for fixed nonswing mount- 
ing on sides, or top of cabinet, or for 
front panel protection. United Techni- 
cal Laboratories, Morristown, N. J. 
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TUBULAR 
HEATING ELEMENT 


Designed for low-temperature applica- 
tions, tubular, thin-walled, aluminum 
encased heating element is known as 
the Acrawatt Temp-A-Tube. The ele- 
ment operates at sheath temperatures 
up to 550 F. The element is said to 
provide fast heating for a multitude 
of applications in the low-temperature 
range. These include container heating, 
either by direct contact or air, re- 
frigeration defrosting, ambient heating 
in ventilators and brooders, appliance 
use and others. 

The unit operates efficiently either 
in the open air or immersion in water, 


oil or any other non-corrosive ma- 
terial. Available in lengths up to 12 
ft the element is encased in 1/4 in. 
OD thin wall aluminum tubing for 
rapid heat transmission from the re- 
sistor through the sheath. The ele- 
ment may be made up in a variety 
of shapes. including round, “M” or “W” 
designs. Reverse bends are available 
with radii as small as 3/8 in. Circular 
shapes may be obtained with radii 
shown to 1 in. 

The new element’s terminals con- 
sist of insulated lead wires up to 
24 in. in length. High grade nickel 
chromium resistors are insulated with 
closely braided fiber-glass yarn for 
high dielectric strength. and tested 
at elevated voltages prior to shipping. 
The resistors will withstand in excess 
of 1000 volts from resistor to ground. 
Maximum watts density is 6 1/4 watts 
per linear inch of effective heated 
surface. Acra Electric Corp., 9909 
Pacific Ave., Franklin Park, IIl. 
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“RIGIDIZED” TEFLON 


Rigidized (filled) Teflon is said to 
provide improved mechanical charac- 
teristics. Additives to Teflon used in 
the making of Enflon reinforce it and 
result in higher tensile strength, great- 
er compressive strength, lower coeffi- 
cient of thermal expansion. lower heat 
distortion, and a stiffer material that, 
in general, is less bothered by cold 
flow. 

The material is reasonably stable 
at 575 F. Characteristics include: 


Compressive stress (2% offset) 2050 
Coefficient of thermal expansion 
(20-205 C) 1.08 
Heat distortion (°C, 100 mils) 176 
Stiffness at 200 mils 2040 
Electrical Properties include: 
Dielectric constant at 
1 me 2.269 
Dissipation factor at 
1 me .00064 
Surface resistivity (ohms) 
(100% RH) 
Dielectric strength (vpm) 
30 mil 546 
60 mil 410 


2 X 1015 


Applications: Bearings. valve guides, 
pressed washers, sleeve caps and bear- 
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Proof of 550° 
Performance... 
New “‘Roast-Meter”’ Uses Mallory 


High Temperature Plug and Jack 


An improperly cooked roast of beef, just when im- 
portant dinner guests were in for a special dinner, 
probably created the idea for the “‘Roast-Meter’’ . . . 
but it took Mallory ability and ingenuity to make 
this new kitchen aid a reality. 


A prong is inserted into the heart of the roast—the 
flexible cable attached to this prong is plugged into 
a jack on the oven wall. An accurate reading of the 
inside temperature of the roast is given on an ex- 
ternal indicator. 


The manufacturer’s problem was to find a plug and 
jack assembly that would stand up under severe 
operating conditions, especially under high tempera- 
tures. The performance specifications called for a 
15 to 20 year life potential—in a temperature en- 


Serving Industry with These Products: 


Electromechanical—Resistors © Switches ® Tuning Devices * Vibrators 
Zinc-Carbon 


Welding 


Electrochemical—Capacitors ¢ and 


Metals ¢@ 


Mercury Batteries 


Metallurgical—Contacts © Special Materials 


Parts distributors in all major cities stock Mallory 


standard components for your convenience, 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


vironment that might often reach as high as 550°F. 


To meet this challenge, Mallory adapted their 
standard #85 two-circuit plug to brass-nickel plate 
construction with ceramic insulation. A special ter- 
minal holds the flexible cable connected to the prong. 
The jack assembly was redesigned from the standard 
#702B, and uses Mica-Ramic insulation. 


If your requirements for product design call for a 
similar plug and jack assembly capable of withstand- 
ing high temperatures of household or industrial ap- 
plications, specify Mallory #85 Hi-Temp plugs and 
#702B Hi-Temp jacks. For any components capable 
of withstanding unusual operating conditions, see 
a Mallory engineer—ask for Mallory assistance in 
solving all your special component problems. 


Expect more...get more from 


P.R. MALLORY & CO. inc. 


MALLOR 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 





Toroids! 
Tiny in Size! 
Sere 


Envision the potentialities of these 
bantum coils in solving space and 
weight problems! Subminiature tor- 
oids from the BOESCH SM reveal a 


new horizon in equipment design. 


Comparison is the best test of excel- 
lence. See for yourself why BOESCH 
manufactures the world’s most super- 
ior winding machines. 


Model SM 
Ask for the new BOESCH Catalog 


57A on your company letterhead 


NOW. 
BOESCH MANUFACTURING 


COMPANY, INCORPORATED 
DANBURY, CONNECTICUT 


ings, bushings. inserts, rotating me- 
chanical seals, gaskets and _ related 
applications. It permits higher unit 
loading and closer tolerances at higher 
temperatures. Enflo Corp., Route 38, 
Airport Circle, Pennsauken, N. J. 
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OIL-TIGHT TELESCOPING 
WIREWAY FITTINGS 


Oil-tight telescoping wireway fittings 
have been added to a line of 2% in. 

> in., 4 in. x 4 in., and 6 in. x 
6 in. gasketed wireway for use on 
machinery. When incorporated into a 
wireway run, the telescoping section 
permits adjustment to any 
length. 


desired 


Illustrated is an exploded view of 
a telescoping section partially assem- 
bled into a 1-ft straight section. After 


adjusting the unit to the proper length 
the O-ring gasket and the 2 sliding 
retainer plates are bolted to the end 
flange of the straight section, forming 
an oil-tight junction. 

The telescoping section for each of 
the three wireway sizes is 15! in. 
long and permits adjusting the length 
of an assembly between 11% in. and 
131% in. It is made of 14 gage steel. 
except for the welded and flange and 
the two sliding sleeves, which are 11 
gage steel. Hoffman Engineering Corp.. 
Anoka, Minn. 
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HYDRAULIC BRAKE FOR 
INDUSTRIAL CRANES 
AND MACHINES 


New 6 in. x 3 in. hydraulic brake is 
designed to provide smooth, powerful 
service braking and accurate load spot- 
ting control on light industrial cranes. 
Other applications: tension control on 
mill roll stands and emergency stop- 
ping, holding and service braking on 
many machines and devices. The stand- 
ard brake is designed for use with 
hydraulic brake fluid only; if specified. 
the brake can be furnished with mineral 


oil compatible parts for special fluid 
power holding operations. 

The brake is also available as a 
combination service and parking brake 
which provides automatic emergency 
braking in the event of power failure. 

The hydraulic actuating cylinder, is 
operated through a manual control 
cylinder equipped with a foot pedal. 
The brake arms are forced apart by 
a compression spring inside the ac- 
tuating cylinder when the hydraulic 
pressure is released. One-point brake 
adjustment to compensate for lining 
wear is easily performed. 

The brake is equipped with a spe- 
cially designed anti-drag device, and 
etxra-thick. non-scoring blocks _ of 
molded lining are firmly bolted to the 
brake shoes. Lining blocks are rein- 
forced with strong wire backing and the 
bolt holes are deeply countersunk to 
allow for full lining wear. Wagner 
Electric Corp.. 6454 Plymouth Ave.. St 
Louis 14. Mo. 
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RERATED FAN-COOLED 
MOTORS 


Six basic advantages are offered by 
new rerated fan-cooled motors. First, 
the motors are completely protected 
against moisture, dust and corrosive 
atmospheres. Steel parts and cast iron 
end heads are given the anti-corrosion 
treatment. Also, the die-cast aluminum 


rotor is sprayed with a special rust 
inhibitor which covers the entire as- 
sembly, including the shaft. In addi- 
tion, special insulation provides ex- 
treme durability. Mylar, laminated to 
rag paper is used in the burr-free slot 
cells. A second layer of insulation is 
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Of All Room Air Conditioner Manufacturers 
Use REVCOR BLASTAIRE Blower Wheels! 


Manufacturers of Blower Wheels With Lock Tab Blades for 11 Years! 


BLASTAIRE BLOWER WHEELS OUTPERFORM OTHER BLOWER WHEELS... 


© Provide more air and pressure in less space! 


© Exclusive, individually attached, thin gauge, full width blades utilize 
the full width of the blades from tip-to-tip with no obstructions at the 
ends to cause air loss! 


© Unique BLASTAIRE production methods result in lower costs while main- 
taining highest standards of strength, rigidity, balance and performance! 


LARGEST SELECTION OF SIZES AVAILABLE ANYWHERE 


20 Diameters of Single and Double Inlet Wheels from 3” to 123%”. Single inlet widths 
from 1” to 6”. Double inlet widths from 2” to 12’! 


— ines mh tte 
—AVAILABLE—BLASTAIRE TECHNICAL DETAILS « @, 


2 re 

Ty, ® 

4 T RP : 
Or, cw" 251 EDWARD STREET, CA ENTERSVILLE, ILL 
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placed in the slot to minimize the dan- 
o ger of weak spots. Insulation is placed 
No wetting ees between coil ends. The ends are cov- 
F ered with a moisture-resistant sealer. 
‘ “ A fourth feature is the extra wide, pre- 
No walting lubricated sealed ball bearings that 
rh as will operate for years without atten- 
tion. Specially designed metal seals on 
both sides, held by removable snap 
rings keep impurities out, grease in. 
Flange mountings of the standard 
NEMA C Face type are available. 
Extra-large terminal box, diagonally 
split to allow plenty of room for easy 
lead connection, is a sixth advantage. 
The box cover is gasketed and leads 
are sealed at the shell to prevent entry 
of moisture. 
The new motors are available in 
ratings from % hp to 40 hp and 182 
through 405 frames. Robbins & Myers, 
Inc., Springfield, Ohio. 
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MERCURY SWITCH HAS 
VERSATILE MOUNTING 
MEANS 


Hermetically sealed mercury switch is 
a tilting type switch designed to be 


installed in the same manner as a 
Just a press of the finger and cartridge fuse (spring clips or holders 
can also be used for mounting pur- 


it’s labeled with poses.) Consisting of a _ cylindrical 


glass envelope with metallic end caps, 
a pair of electrodes and a pool of 


Dennison PRES-a-ply* 


ACTUAL SIZE 
Look at the other unique advantages 
that PRES-a-ply labels offer: 


¥ Clean, easy and labor-saving. 


v¥ Adhere to surfaces usually difficult to label — smooth non-porous 
surfaces like enamels and plastics. 
: y \ pure mercury are hermetically sealed 
Vv Broad choice of stocks including litho-coated, high gloss, foils, within the enclosure. 
casein coated metallics, tag, acetate, latex impregnated. One electrode is attached to each 
cap. The electrode ends are close to- 
gether at one end of the tube; when 
the switch is tilted in that direction 
¥ Available with permanent or removable adhesive. the mercury flows and bridges the gap 
Vv Long shelf life. between them to close a circuit. When 
: tilted in the opposite direction, the 
Dennison offers four convenient PRES-a- mercury flows away to restore the 
ply Dispensers — manual or electric. They gap, thereby opening a circuit. 
are easy to load and operate. They speed Dimensions are: l! s-in. long x ¥g in. 
labeling, insure against label spoilage. diam. Weight is approximately "400 0z 
making it adaptable for lightweight 
For more information write requirements and where minimum tilt 


Vv Available in a wide range of shapes, sizes, colors Dennison- 
designed to fill your requirements. 


motion is required. 


. Operation is noiseless and contact 
RVNVAOYW position is readily visible. 
Precision production techniques pro- 
DEPT. 55, FRAMINGHAM, MASS. duce a switch of uniform quality. 


Applications: coin-operated ma- 


*Registered trademark for Dennison self-adhering labels and seals chines, business machines, signals, and 
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From the well to “Wabash and Main”... 


LELAND EXPLOSION-PROOF MOTORS BRING YOUR FUEL 


Oil and gasoline, butane and propane, and other haz- 
ardous liquids must be “‘pushed” into service! And the 
Petroleum Industry calls on Leland explosion-proof 


motors to do the pushing, safely and surely—from oil fields 
all the way to your car or door. Underwriters’ Listed for 
Class 1, Group “D”, naturally! 

And Leland-powered pumps are “naturals” in every 
phase of this giant operation. They’re at work in the oil 
fields, the refineries, at transfer and storage points, in 
giant fuel trucks, and even underground in gasoline tanks 


Another Product 
remem 


LELAND 


MOTORS Dayton 1, Ohio 


... taking the worst the weather offers and the heaviest 
work loads...delivering the performance the job demands! 

For over 30 years, Industry has looked to Leland for the 
finest in motors. With its complete explosion-proof line, 
including both integral and fractional, single phase and 
polyphase—plus its complete line of other standard motors, 
as well as a wide variety of specials—you'll find Leland is 
the answer to practically any motor need, from 4 to 
5 HP, soon through 10 HP. Why not investigate Leland? 
Write or call today. 


THE LELAND ELECTRIC COMPANY 


Division of AMERICAN MACHINE & FOUNDRY COMPANY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





START OF SLUMP TEST 30 MINUTES AT 550°C 


SUPRAMICA* 560 ceramoplastic insulation (Left) is to be compared SUPRAMICA 560 is unaffected — SUPRAMICA 555 shows a slight 
with SUPRAMICA* 555 ceramoplastic (Center) and MYCALEX 410* glass- tendency to slump — MYCALEX 410 shows a marked slump. 
bonded mica — the best available materials with comparable properties. 


SUPRAMICA 560 ....2mcpiastic 


LIGHTWEIGHT MATERIAL CAN BE MOLDED 
WITH FRAGILE INSERTS 


SUPRAMICA 560 ceramoplastic will free your designs SPECIFICATIONS: SUPRAMICA 560 ceramoplastic 


from many of the functional limitations imposed by con- 

ventional insulating materials. Manufactured exclusively DISSIPATION FACTOR, 1 MEG. 0.003 
by Mycalex Corporation of America, SUPRAMICA 560 has DIELECTRIC CONSTANT, 1 MEG. 6.8 
the electrical and physical properties to meet exacting LOSS FACTOR, 1 MEG. 0.020 
high-temperature insulation specifications — in applica- VOLUME RESTIVITY, OHM-CM = 10.4 


tions where no other material can be used! SPECIFIC GRAVITY 2.8 (Comparable to Aluminum 
Proof of this high temperature performance is shown ~ or Mineral-Filled Polyester) 


by these unretouched photographs of an actual “slump” SAFE OPERATING TEMP. 

test (Above). The characteristics listed at the right dem- CONTINUOUS 500°C 

onstrate the versatility of SUPRAMICA 560 ceramoplastic. SHORT-TIME 600°C 
Lighter in weight than any comparable material — WATER ABSORPTION NIL 


specific gravity similar to that of aluminum or mineral- HARDNESS, ROCKWELL M 125 
filled polyesters — SUPRAMICA 560 is the perfect insula- THERMAL EXPANSION 12.4x 10-7 (Same as SAE 1010 Steel) 
tion for relay bases, connectors, tube sockets and many 


other parts in high-temperature components. FLEXURAL STRENGTH, PSI 15,000 


INSERTS WILL ACCEPT ALL 
MYCALEX CORPORATION OF AMERICA precision molds MOLDED-IN VARIETIES 
this revolutionary new material for your product needs. 
Send for complete information. 


Amie 


c fmamopiast"” 


C. y C LEX) / . 
*SUPRAMICA, MYCALEX, and 410 are registered trade-marks of MYCALEX CORPORATION OF AMERICA. EEE GAN SYNTHAMIO 
555 is a trade-mark of the MYCALEX CORPORATION OF AMERICA. eat en 
SYNTHAMICA is o trade-mark of SYNTHETIC MICA CORPORATION, o subsidiary of MYCALEX CORPORATION OF AMERICA. 
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75 MINUTES AT 550°C 75 MINUTES AT 550° PLUS 15 MINUTES AT 650°C 


SUPRAMICA 560 remains unaffected — SUPRAMICA 555 has cracked 


and shows a definite slump — MYCALEX 410 shows foaming and com- 


plete slump. foamed and collapsed. 


SUPRAMICA 560 ceramoplastic still shows NO NOTICEABLE EFFECT — 
SUPRAMICA 555 has completely cracked through — MYCALEX 410 has 


INSULATION FOR CONTINUOUS 


OPERATION AT 500°C 


TEMPERATURE ENDURANCE TEST ON MOLDED COMPONENTS 


SUPRAMICA 555 —— 560 MYCALEX 410 
ceramoplastic ceramoplastic glass-bonded mica 


DIMENSIONAL INCREASE DURING TEST 


LENGTH 5.5% LENGTH 0.4% LENGTH 12% 
WIDTH 4.1% WIDTH NO CHANGE WIDTH 18% FOAMING 


aeh Cc A . | oa xX GENERAL OFFICES AND PLANT: EXECUTIVE OFFICES 


co R PO R AT i oO N oO F A M : R I CA CLIFTON BOULEVARD 30 ROCKEFELLER PLAZA 


CLIFTON, NEW JERSEY NEW YORK 20, NEW YORK 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


AFTER 

75 MINUTES 
AT 550°C 
PLUS 15 
MINUTES 
AT 650°C 


SALES OFFICES: 
CHICAGO — DAYTON 
LOS ANGELES — MIAMI 
WASHINGTON 





as AC magnet 


relays go 


... the Sigma Series 41 is surprisingly sensitive, 


and even remarkably quiet. And like other shaded 


pole types, it is also inexpensive and reasonably 


indestructible. To wit, in order, 0.06 to 1.0 volt- 


ampere; useful in electric blanket controls; $3.50- 


$9.45 in quantities 1-19, after which quantity dis- 


counts apply; undamaged by shocks and constant 


acceleration up to 100 g, and contact life of 


many million operations in normal use and with 


adequate arc-suppression. 


Such a combination of characteristics can be quite use- 
ful, as illustrated (illus.) by the Sigma CdS Photorelay, 
Model 1. Here a broad area cadmium sulfide cell has 
been connected to the coil of a 41, with the SPDT 
connections conveniently brought out to a 5-pin base, 
on which a 142" square aluminum dust cover sits 
snugly. In "light —no light” applications, such as light 
beam interruptions, 3 amp. (resistive) 120 VAC loads 
can thus be switched quite handily. Much of the 
credit (in fact, all) for no tubes, rectifiers, buzz, etc., 
belongs to the 41. This paragraph was not meant to 
sell the Photorelay, but if it has, it should be stated 


that the price is $12.00. 


An application of the above application is also pre- 
sented, as additional support for the AC versions of 
the 41, in the new Nitelighter® lighting control (a 
product of our wholly owned parent company**), 
Aimed toward the daylight, and connected to a light 
(300 watts max.) of your choice (and plugged into a 
wall outlet), the Nitelighter can protect your home, 
your shins on otherwise dark stairs, the production 
rate of your business (if you sell 

eggs), and generally you against 

nyctaphobia*. Logically enough, 


ae * . ~ 
this is also for sale** for $15.95. 


There are many sensible jobs the 41 can do, some 


of them with exculsive merit. Bulletin on request. 


SIGMA INSTRUMENTS, INC. 


60 Pearl St., South Braintree 85, Mass. 


200 


*Authority for origin doubtful. 
**The Fisher-Pierce Co., Inc., 


60 Pearl St., So. Braintree 85, Mass, 





refrigerator doors, among others. The 
SPST switch has the following ratings: 
1.75 amp, 115 volts; 0.6 amp; 230 
volts. The Mercoid Corp., 4209 Bel- 
mont Ave., Chicago 41, IIl. 


Circle No. 12 Reader Inquiry Service Cards 
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SILICONE RUBBER 
O-RINGS 


Red silicone rubber O-rings, Style 
9599, are manufactured from 70 duro- 
meter hardness stock exhibiting low 
shrinkage and compression set. 

The O-rings, available in standard 
AN sizes. are recommended for dry 
heat service in which synthetic rubber 
compounds and natural rubber do not 


their 
silicone 


maintain rubber characteristics. 
The rings resist oxidation, 
withstanding indefinitely continuous ex- 
posure to hot air and temperatures up 
to 300 F, and in most applications will 
withstand for long periods of time ex- 
posure to dry heat at temperatures 
from 300 to 500 F. The Garlock Pack- 
ing Co., 406 Main St., Palmyra, N. Y. 


Circle No. 13 Reader Inquiry Service Cards 
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MIDGET SEQUENCE RELAYS 
AVAILABLE WITH RELEASE 
OPERATION 


Finding use wherever a predetermined 
cycle of operation is needed, midget 
sequence relays with a variety of 
DP-ST and DP-DT contact arrange- 
ments are known as Frame 21]. 

A special double cam movement per- 
mits contacts to be adjusted to operate 

i eee 


. 


JUNE 1957 ELECTRICAL MANUFACTURING 





Mining motors 
for heavy-duty mine equipment 


depend on performance-proven 


ROCKBESTOS A.V.C. 


In building motors for heavy-duty coal mining 
machinery, leading motor manufacturers de- 
pend on _ performance- proven Rockbestos 

A.V.C. Motor Lead Cable. 


For example, in building motors for use in Joy 
Manufacturing Company's 20BU-1 high ca- 
pacity loader, the manufacturer specified and 

used Rockbestos Motor Lead Cable. This cable 
not only withstands oil and grease but also 
gives protection against starting overloads, 
high ambient temperatures and the many other 
operating tortures of heavy-duty mining 


equipment. 


This Rockbestos A.V.C. Motor Lead Cable has 
also been performance-proven in mill motors 
and other heavy-duty stationary and traction- 


type motors. 


You, too, can get trouble-free wire perform- 
ance by specifying and using Rockbestos A.V.C. 
Motor Lead and Apparatus Cable. Remember, 
it'll keep its flexibility indefinitely — won't rot 


or bloom when exposed to grease — won't NEW YORK, CLEVELAND, DETROIT, 
CHICAGO, PITTSBURGH, ST. LOUIS, LOS ANGELES, 


burn or carry flame. ATLANTA, DALLAS, OAKLAND, SEATTLE 


Write today for full details — ask for Specifi- 
cations RSS-98 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





BALDOR STREAMCOOLED MOTORS 


For years famous Boice-Crane Power Tools have 
enjoyed a reputation for faultless performance. 
And for years, like hundreds of other leading 
manufacturers, Boice-Crane has specified and 
depended on Baldor Streamcooled Motors to 
maintain its enviable prestige. 


If customers demand this kind of superior 
performance from your equipment, it will pay you 
to consult Baldor. Experienced engineers are 
available to help take the kinks out of all your 
knotty motor problems. . . without obligation! 


Write for Catalogs on Complete Line! 


4353 Duncan Ave. St. Lovis 10, Missouri 
Over 400 Authorized Sales & Service Distributors in U.S.A. 
District Offices: Atlanta « Chicago « Cincinnati « Cleveland « Dalias 
Des Moines Detroit « Indianapolis « Litchfield, Conn. « Los Angeles 
Milwaukee « Minneapolis *« New Orleans « New York 
N. Kansas City, Mo. « Oakland « Philadelphia + Portland, Ore. 


when the coil is de-energized. The 
cam rotates a half step when the coil 
is energized, and completes the step 
when de-energized. 

Ability to transfer contacts on either 
the “operate” or “release” phase offers 
sequence arrangements in a simple in- 
expensive unit. For instance, make- 
before-break between two contacts 
would be more positive than usual by 
overlap during the time the relay is 
energized. Frame 211 relays are equip- 
ped with DP-ST or DP-DT contacts 
which may be set to open, close, o1 
transfer in any desired sequence, pro- 
viding the number of steps in a com- 
plete cycle is divisible into six ot 
eight, (the number of teeth on avail- 
able ratchets. ) 

All commonly used continuous-duty 
coils in ratings up to 115 volts d-c, or 
230 volts a-c, can be supplied. Power 
consumption is 5 to 6 watts d-c, or 
10 to 12 volt-amp a-c. Contacts are 
fine silver convex buttons, mounted on 
phosphor-bronze flexing arms. Ratings 
are 5 amp a-c; or 0.5 amp d-c at 
115 volts; and 5 amp d-c at 24 volts. 

Molded spacers lock the contacts 
into position and provide 150-volt in- 
sulation to meet UL requirements. 
Contact spaces and pushers are of 
moisture-resistant phenolic. Ratchets 
and cams are of nylon. Struthers-Dunn, 


Inc.. Pitman, N. J. 
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TRIMMER TERMINALS 
ALLOW EASY 
PRINTED-CIRCUIT ASSEMBLY 


Newly modified terminals with 90 deg. 
arms are a characteristic of A10-W 
Trimmer, which provides easy inser- 
tion in printed circuit assembly. Mount- 
ing is achieved either by the terminals 


100 PRINTED CIRCUIT 


os2(ty?) TEMPLATE FOR 
TERMINAL HOLE 
LOCATIONS 
oro rye jor 
O62 HOLL 


themselves or in conjunction with 
mounting holes. Each of the three 
terminals are closely aligned, allowing 
little loss of miniaturization in design 
of printed circuit boards. 

The trimmers are powered at 0.8 
watt, derating to 0 at 175 C. Fully 
adjustable throughout a 25-turn range, 
they offer ruggedized characteristics, 
are humidity proof and perform well 
under high temperature conditions. The 
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If you’re miniaturizing ... you'll save space, time and 
money with Allen Minicaps and Minisets (#0 thru #3 dia.) 


These miniature Allen Hex Socket Cap 
and Set Screws will let you scale down 
your product sizes even farther. 
They're made from Allenoy special 
alloy steel—so strong that you can 


safely specify fewer screws or smaller 
sizes. 


Allen Minicaps and Minisets are tiny, 
but very tough! —true Allens, with 
deep, clean, strong sockets and uni- 
form Class 3A threads, Minicaps have 
the Allen knurled “Grip-Head” and 
are trimmed both on top and under 
the head, for tighter fit and better ap- 
pearance. Minisets have the improved 


small-cup Allenpoint that drives 
deeper and holds tighter. 

Because sockets are uniformly true 
hexagon shape, the key or driver fits 
tight — makes starting much easier, 
saves a lot of time in assembly. 
Diameters of these miniatures run 
from #0 through #3. Minicap lengths 
run from 4” through 2”, and Miniset 
lengths from %e” through 4”. Also 
standard in stainless steel. Your In- 
dustrial Distributor has them now. 
He'll show you why these Allens — 
like all Allens — hold tighter and last 
longer. Or write for information and 
samples. 


Stocked and sold by leading industrial distributors everywhere 


ALLEN 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Use Minicaps and Minisets 
wherever you need depend- 
able fastening in very small 
assemblies: 


TV, radio and telephone equip- 
ment @ Guided missiles, rockets 
e Panel meters e Electro-me- 
chanical devices and servo-sys- 
tems @ Computers @ Control and 
operating mechanisms for relays 
© Cameras e Instruments 


MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 





Even Strains up to “Mil-E-Trized” triminers are designed 


to meet MIL-E-5272A and MIL-R-129- 
1 af 34. requirements. Precision winding 
et gives excellent linearity with 5 per 


cent maximum deviation; resolution, 


can't budge cords and cables 0.07 to ] per cent depending on value. 
anchored by GRIPMASTERS! | The precision resistance unit is com- 


pletely sealed in a special plastics 

| case, 0.220 x 0.312 x 1.250 in., pro- 

Eliminate cord and cable failures viding a miniaturized potentiometer that 

permanently wherever powcr is operates in a temperature range of 

supplied by exterior conductors. —55 to 200 C. Dale Products, Inc.. 
Economical, easily and quickly 1306 28th Ave., Columbus, Neb. 
installed by unskilled operators, Circle No. 15 on Reader-Service Cards 

Used by leading appliance and a ee 
equipment manufacturers. 


AVAILABLE IN 3 TYPES | THREE-POSITION ROTARY 


| GROUNDING SWITCH 
LOE ea Se Designed for communications and other 


AND PRODUCTION LINE electronic equipment, simple but 
aT a aS rugged three-position rotary grounding 


switches are useful sensitivity controls. 
The switch permits easy adjustment 
i Metal Gripmasters of signal strength for local, intermedi- 
Form a smooth metal band, firmly 
locked with a “bull dog” grip on cable. 
One-piece construction; quickly posi- 
tioned by slight pressure. Cannot 
shake loose in hardest service, espe- 
cially suited for equipment subject 
to severe handling. 


Click on Gripmasters 


Clickons form an immovable ring ex- 
erting uniform pressure on the cable 
circumference. Applied in seconds, 
Clickons are permanently locked in 
position. Effectively absorb cord pull, ; 
prevent braiding from unraveling and : ; 7 : 
need for tape or thread binding. ate and fringe reception. The simpli- 
fied construction permits quick, low- 
Pp 
TREES Ses eee Seer Hehe keh =a e ta amen aa a seeerceree=~ | cost assembly, thanks to twist-tab 
4 mounting of switch to chassis or wiring 
Insulated Gripmasters board. P. R. Mallory & Co. Inc., 3029 
Insulated types forming a compact E. Washington St., Indianapolis 6, Ind. 
ring that hold cables permanently in eg ee Circle No. 16 on Reader-Service Cards 
a vise-like grip. Suitable for assembly mM 8 preceding back cover 
line installations. Designed to pro- 
vide positive protection for all cord- 


equipped electrical appliances. 
G HIGH-TEMPERATURE RELAY 

AND RIPMASTER High-temperature _airborne-electronic 
BINDING SLEEVES ELIMINATE relay (RCA-204W1) features an active 
oa getter for absorption of residual gas 

FRAYED CORD ENDS! cs, and organic vapors. Inclusion of the 
getter assures dependable operation 
over an ambient temperature range 


Gripmaster - 
et of 65 to 125 C. and under low-current, 


rubber tubes, 
specified 
industry-wide 

by leading 
manufacturers, 
prevent fraying at 
cord ends. Available 
for 5 wire sizes to .790 


Write for Samples and Quantity Prices: 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, N. J. 
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“THE MUSIC 
GOES ’ROUND 


AND ’ROUND...” 


aaa eee eee eee eee eee eee eee eee eee ee 


rr 


a a * 


ON 34-FRAME MOTORS BY WESTINGHOUSE 


LET ’EM “‘POWER-UP”’ YOUR PROFITS TOO! 


Whenever you’re “out on the town’”’ and hear the music 
goin’ round and round, it’s a pretty good bet you’re 
listening to a Seeburg machine. For Seeburg is America’s 
No. 1 manufacturer of commercial phonographs . . . all 
powered by 34-frame motors by Westinghouse. 

The Westinghouse 34-frame induction motor is de- 
signed specifically for business machines—electric type- 
writers, movie projectors, ‘“‘jukeboxes’’, tape recorders, 
adding machines and a wide range of office equipment. 
The 34-frame offers outstanding power-to-weight ratio, 
no radio or T'V interference, light weight, quiet opera- 
tion and amazing dependability. And the 34-frame is 
versatile—it can be tailored to your specific require- 
ments. Just look at these features . . . 


Housing—Precision die-cast aluminum brackets assembled 
to machined fits for sturdy construction and light weight. 


Bearings—Self-aligning bronze bearings for economy, less 
Maintenance, and long, quiet operation. J-03037 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Mounting—Supplied with resilient mounting rings for assem- 
bly into your base or with complete base. Motors can be 
mounted in any position. 


Whatever your particular requirements, Westinghouse engi- 
neers will help you select exactly the right motor. Interested? 
Just fill out the coupon below for additional information. .. 


you CAN BE SURE...1F its Westinghouse & 


Small Motor Division ¢ Lima, Ohio 


Westinghouse Electric Corporation 
Small Motor Division, P. O. Box 566 
Lima, Ohio 


NAME 
TITLE__ 
COMPANY 
ADDRESS 


Nee neraeesat : eee 2 





FANSTEEL 


DEPENDABLE 


Tantalum Capacitors 


Tat te Ae eS ea STE Z 
Ma ee ale Meet eats 


Series PP, for normal 
temperature ranges 


Tg ml lal Tita) 
temperatures (to 125°C) and 
tT aeal lectil-lima-t it tills 


STA Solid Tantalum. Voltage 
ranges up to 30 volts, D-C 
Unusual stability over a 
wide temperature range 


Hermetically sealed 
capacitors to special order 


Special configurations 
to your order 


PURI e ae ae ae h aie welt 


North Chicago, Illinois, U.S. A. 
Miversaty 


low-voltage as well as full load con- 
ditions. 

A six-pole, double-throw, miniatu- 

| rized-type, hermetically sealed, the 
204W1 utilizes palladium contacts and 
is compactly constructed to meet elec- 
trical and mechanical requirements of 
MIL-R-5757. The relay is built to with- 
stand severe conditions of shock, vi- 

bration, humidity and altitude. 

Design features include a_ special 
one-piece extruded can with two in- 
| tegral mounting flanges safeguarding 
against high-frequency vibration, shock 
and salt spray. Overall height of the 
| 204W1 is one and three-quarter inches. 
Its diameter is 1 3/16 in. and it 
| weighs less than 3 oz. Radio Corpora- 
| tion of America, Components Div.. 


Camden, N. J. 
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THROUGH-THREADED 
ALUMINUM INSERTS FOR 
MOLDING IN PLASTICS 


Through-threaded aluminum inserts 
for molding in plastics, rubber and 
ceramics includes models available in 


-COARSE DIAMOND KNURL 


plain, brass plated and clear anodized 
aluminum. 

Type B inserts have holes tapped 
with Class II threads to conform to 
ASME Specifications in thread sizes 
from 4-40 to 1/4-28. Holes are reamed 
to close tolerances after tapping to 
facilitate placing inserts on locating 
pins in the dies. Both ends of the 
inserts are countersunk for use at 
either end and for easy handling with- 
out fumbling. A coarse outside knurl 
is provided for maximum holding 
power. Yardley Precision Products Co., 
28 Afton Ave., Yardley, Pa. 
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| MINIATURE PULL-TYPE 
SOLENOID 


| Finding applications in missiles, air- 
craft and electronic equipment, minia- 
| ture pull-type solenoid has an operating 
temperature range of —65 to 100 F. 
Designed to meet requirements of 
MIL-S-4040, the solenoid provides posi- 

| tive, troube-free operation on comput- 
| ing devices, or in aircraft and missile 
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FANSTEEL 
cepeor ev oe oe MMOLE CUMULUS 


Operating voltage of the solenoid is 
from six to 100 volts d-c, with plunger 
operating under side force of 8 to 10 g. 
Carruthers & Fernandez, Inc., 1501 
Colorado Ave., Santa Monica, Calif. 
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Selenium 
MIDGET SOLENOIDS FOR - He Cratutetes 
MILITARY EQUIPMENT 


Smaller than a postage stamp, Series | 
“ME” Solenoids were developed for | 
a military application requiring opti- | ~ 4 
mum performance in a minimum | 

amount of space. 


Average, size of the solenoids is | 
1/2” diam x 1/2” long and they will 


Silicon Rectifiers 


Selenium Industrial 
eh Aa aah 


yy 


o duttsetttaltl. 





ieee i 
dee. 
operate under severe conditions of shock 
and vibration. These solenoids are de- 


See. 


j i elenium High Temperature 
signed for d-c operation only. Ander- , s 'g gohan 

J ocak ie ; — Power Rectifiers (to 150°C) 
son Controls. Inec.. 2777 Mannheim — 


Road, Des Plaines, Ill. 
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IMPROVED 
GEARMOTOR DESIGNS 


Completely redesigned line of gear- 


motors are designed to meet users | Teta Gulla: teil | 
specific needs. The new gearmotors Power Supply Units 


are available with polyphase. single 
phase and d-c motors, with a variety 
of mounting positions possible. includ- 


Special Hermetically Sealed 
Units to Special Order 


FANSTEEL METALLURGICAL CORPORATION 


remus (| Pt Oe oe 


4, 
*niversary® 


READER 
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this man knows what’s INSIDE 
hs BLACK BOX FILTER 


He’s taking advantage of a new 
trend spearheaded by Sprague to- 
ward unitized filter assemblies. 
Sprague’s individual cylindrical 
filter elements can be taken from 
the shelves, wired in any configura- 
tion which available space dictates, 
and used! Black boxes, when used 
at all, serve only as “wrappers” 

Now many of your most complex 
r-f interference problems can be 
solved in this way. It reduces inven- 
tory problems and cuts your manu- 
facturing costs. Order the elements 
and package them yourself in your 
system, or else Sprague can do the 
packaging for you. 

Even if unitized filter assemblies 
do not add up to the answer to your 


problem, you're sure to benefit from 
Sprague’s library of more than four 
thousand proved filter designs .. 

three laboratories for filter research 
and development . . . complete facil- 
ities for interference measurement 
and control .. . field consulting ser- 
vice ... and mass production facili- 
ties on the East and West Coasts. 


If you, too, have an interference 
problem, pick up your phone and 
call your nearest Sprague Electric 
Field Engineering Laboratory. 
They are located at 12870 Panama 
Street, Los Angeles 66, Calif. 
(TExas 0-7531); 224 Leo Street, 
Dayton 4, O. (ADams 9188); 
307 Marshall Street, North Adams, 
Mass. (MOhawk 3-5311). 


for filters 





ing downshaft and tilted shaft. Also, 
they can be obtained in open drip-proof, 
explosion-proof, and totally enclosed 
frames. Single. double and triple re- 
duction available with output speeds 
from 750 to 7.5 rpm. Double and 
triple reduction units have output 
speeds from 350 to 7.5 rpm. Century 
Electric Co., 1806 Pine St., St. 
3, Mo. 
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ACTIVATED NONCORROSIVE 
LIQUID ROSIN FLUX 


Noncorrosive activated liquid rosin 
flux, R-X3M, is said to have passed the 
Signal Corps’ water-extract-resistivity. 
polarized - wire, and copper 
Unlike most conventional acti- 
rosin fluxes which depend on 
heating to soldering temperature be- 
fore they can volatilize corrosive chemi- 
cals, R-X3M is non-corrosive before 
it is heated—a factor of importance in 
dip soldering printed circuits where 
the flux is dipped, brushed or sprayed 
on. Excess flux does not become heated 
when the board is dip soldered, and 
may become 


mirror 
tests. 
vated 


a source of corrosion un- 
less it is completely removed or neu- 
tralized. Solder Flux Sales, Fede- 
rated Metals Div., American Smelting 
and Refining Co., 120 Broadway, N. Y. 
Bytes 
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EXPANDED LINE 
OF THERMOWELLS 


Expanded line of thermowells, 
bar stock and built-up types, 


both 
provide 
an ideal means of protecting thermo- 
couples against mechanical injury and 
corrosive or contaminating atmospheres. 

Thermowells are available in over 
5700 different combinations—to satisfy 
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WIDE-VUE 


panel instruments 


Vugliliay 
| I 11 
6 Ny, 


4/ 


oC MILLIAMPERES 


e@% 
Z 


DC MILLIAMPERES “4 


im styling and visibility 


The clean, graceful lines of these ““Wide-Vue” 
panel instruments add two plus values to 
your equipment. First, style—ultramodern 
beauty that blends with the advanced design of 
today’s panels. Second, functionalism—longer 
scales together with wide-angle readability. 
The 214” size, for example, has the same scale ELECTRIC COMPANY 
length as a conventional 314” panel instrument. 5200 W. Kinzie St., Chicage 44, Illinois 
The durable, plastic cover is formed in one Phone, Boniaae bate 
Sart piece, and can be supplied with black or color poe s eS en ae me 
op hn od Sictshes. Costom-built in 2”, 314”, and 44,” n Canada: Bach-Simpson Ltd., London, Ontario 
Seer sizes. External magnet type movement or 
self shielded core magnet méter movement. 


INSTRUMENTS THAT STAY ACCURATE 





“The amount of detail work 
that went into the preparation 
of these reports is truly amaz- 
ing. In all the years in which 
we have been engaged in plant 
location work we have never 
seen so much data collected on 
a particular area.’’"—from a 
letter describing previous eco- 
nomic studies by Chicago & 
Eastern Illinois Railroad. 


Chicago & Eastern Illinois Railroad | 
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CHICAGO - CHICAGO HEIGHTS 
INDUSTRIAL ECONOMIC BLUEPRINT 


Blueprint of 
Chicagoland 
Economic 
Opportunities 


What industrial plant sites are available in 
Chicago and Chicago Heights? Where are they 
located in respect to transportation, shipping and 
other facilities? What materials are plentiful? 
What is the labor situation? What about housing 
—and schools? 

This new book, “Chicago & Chicago Heights 
Industrial Economic Blueprint,” has been pub- 
lished to answer these questions and many more. 
With maps, diagrams, charts, photographs and 
text, it gives you a detailed analysis of the area 
and its physical characteristics. Here are easy- 
to-grasp facts about population, labor force, raw 
materials, transportation, utility and business 
services. The significant figures covering some 
eighty-service classifications of manufacturing 
industries are tabulated for quick reference. 


Available without charge. For a 
complimentary copy of “Chicago & 
Chicago Heights Industrial Economic 
Biveprint,” write Mr. H. B. Sampson, 
Vice-President, Chicago & Eastern 
IMinois Railroad, 332 South Michigan 
Avenue, Chicago 4, Illinois. 


almost any temperature, environmental 
or installation requirements. Available 
are alloys to meet specific conditions 
of high temperature, oxidation or re- 
duction, chemical corrosion, metallic 
mechanical shock or 
stress, and sudden temperature change. 

Bar stock wells are drilled by the 
rifle boring with bore con- 
centricity guaranteed within 10 of wall 
thickness. They are available flanged, 
threaded—with hex head or wrench 
flats, or with ground joints. Built-up 
wells of seamless pipe are available 
with threaded mounting bushings or 
flanges. Thermo Electric Co., 
Saddle Brook, N. J. 
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amalgamation, 


process 


Inec., 


LIGHTWEIGHT CHECK VALVE 
Aluminum check valve—weighing 4 oz 
is simply constructed, with a poppet 
the only moving part. Available in two 
models, 4% in. and 3% in. pipe size, the 


check valve has a differential cracking 


of 1 psi max. Differential 
sealing pressure is less than 1 psi. 

The lightweight unit withstands oper- 
ating pressures of up to 125 psig and 
temperatures up to 175. Ross Operating 
Valve Co., 133 E. Golden Gate Ave., 
Detroit 3, Mich. 
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FLEXIBLE HEATING TAPES 
ARE INSULATED WITH 
SILICONE RUBBER 

High temperature properties of silicone 
rubber are utilized in the development 
of a new flexible hating tape. The basic 
heating tapes are fabricated of finely 
stranded resistance wires insulated with 
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The PUSH behind the Sidewinder’s ) Sting! 


and the codrdinated staff to see all jobs “WELL DONE” 


Hunter Douglas F} Aluminum 


Dept. EM-6, Riverside, California, Telephone OVerland 3-3030 


...A development of 
Hunter Douglas 


Effective at altitudes up to 50,000 feet, the 
Navy’s air-to-air guided missile, 
SIDEWINDER, is a rugged, sensitive and 
reliable weapon. Encompassed in its 

incredibly small 5” diameter and 9’5” length 
are all necessary propulsion and guiding 
equipment plus a deadly warhead. Surpris- 
ingly, the SIDEWINDER is unusually 
economical; produced at a cost comparable 

to a load of aircraft cannon bullets ...an 
economy resulting directly from Hunter Douglas 
technical achievements in the field of cold forging! 


The major problems of producing a light, strong 
motor tube meeting precision tolerances 

required in this type of propulsion unit were 

solved by Hunter Douglas. The SIDEWINDER 
motor tube was produced as a single precision 
aluminum cold forging integrating the tube and 
wing supporting channel ring section, eliminating 
costly assembly operations and alignment diffi- 
culties. The tube is typically straight within .020” 
TIR, I. D. within .006”, wall thickness within .0015” 
and yield strength of 72,000 psi minimum. 


Completion of Hunter Douglas experimental cold 
forging techniques helped pave the way for mass 
production of the SIDEWINDER. Today, 

Hunter Douglas is the only successful producer of 
this complex cold forged component and is the prime 
contractor to the U.S. Navy, delivering the completely 
assembled SIDEWINDER motor, ready for final 
addition of propellant, warhead and guidance unit. 


Behind this notable Hunter Douglas achievement 
stands a strong integrated business structure com- 
bining technical resources, manufacturing facilities 


Division of 


BRIDGEPORT BRASS COMPANY 









braided fiber glass yarns and knitted 
into flat tapes. 

Possessing the inherent properties of 
silicone rubber, the tapes exhibits re- 
sistance to many organic solvents and 
resistance to outdoor exposure. The 
tapes are constructed of the basic tape 
embedded completely in silicone rub- 
ber. Even the lead wires are jacketed 
with glass—reinforced silicone-rubber 
sleeves. Lead wire connecting ends are 
additionally covered by molded silicone 
rubber to form rugged junctions. Tem- 
peratures limit of these new tapes are 

\ 450 F imposed by the thermal charac- 
TSION - teristic of the silicone rubber itself. 
to 13 ¥AC BANGe re = $0001 / VOLT & Intermittent use extends this limit. At 
GLENDALE, LINY. U.S.A | present these tapes are available in 
| 1 in. widths and unlimited lengths. 
Briscoe Manufacturing Co., 1055 Gib- 
bard Ave., Columbus 3. Ohio. 
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FERRITE ISOLATORS 


Line of high-performance ferrite isola- 

tors consists of five types. Type FD- 

1.5v > £f" 1037 (shoen) and FD-1013 have fre- 

a sf quency ranges of 8500 to 9600 me. 

4 Type FD-977, for airborne weather 

’ | ~ radar, is centered at 5400 mc. Types 
CO eas 


60 MA 


rae tm uta! 


ae N— Rx100 


PRECISION 600v j \ 


/ £8, ce. 8 07 


600 MA ADJ 
fel aL) 


et 


‘THIN-LINE’ POCKET-SIZE Model 


20,000 ohms-per-volt V.O.M. 


FD-962 and FD-963 are low-power iso- 

lators for microwave link applications, 

the first with a frequency range of 7100 
¢ Full-Range Instrument Performance to 8000 mc and the second with fre- 

- small-sized instrument convenience quencies from 4600 to 5000 mc. Syl- 

odel 110: : . : : 

Complete with vinyl case © Fits Your Pocket... Fits Your Tube-Caddy... vania Electric Products Inc., 1740 

ohmmeter batteries, the ideal extra V.0.M. for field and service Broadway, New York 19, N. Y. 

eavy-duty banana-plug e Extra-High Sensitivit 

ade soak nn eee 20,000 ~ per volt DC...5000 ohms per volt AC _— preceaing a 

x 538”. Shipping weight * Extra-Low... Extra-High Voltage Ranges 

3 Ibs._Net Price $34.50 1.5 volts full-scale extra-low AC and DC 


eer 3000 volts full-scale extra-high AC and DC AXIAL-LEAD VITREOUS 
Model 100: Similar |  ° EXtra-Wide Resistance Ranges ENAMEL RESISTOR 


to Model 110 above, | self-contained up to 20 megohms 
except 1000 ohms , —* Complete Current Ranges Up to 600 ma Of axial-lead construction, new vitreous 
Ses coke | © Complete Decibel Ranges from —20 to +70 db enamel resistors offer exceptionally 
= ¢ 3%” Full-View Meter... Long, Easy-Reading Scales small physical size for their dissipation 
ratings enabling easier point-to-point 
wiring. 
Available are Type 3-AE, and 10-AE 


Available at leading electronic ports distributors. | which have 3-, 5-, and 10-watt ratings, 


PRECISION apparatus Company, Inc | respectively. Built of thermally matched 
- ° 


| materials, they have excellent resist- 

eS ee ee ee | ance to thermal shock. Axial leads 
Export: 458 Broadway, New York 13, N.Y., U.S.A. @ Cables: MORHANEX . ae ae : 3S , 

*y or Canada: Atlas Radio Corp. Ltd. e 50 Wingold Ave., Toronto 10, Ontario are welded by a special process. Relay 
construction offers high resistance to 


“PRECISION 110 


METER oF PREC 
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standardized saturable reactors 


If you’re a design engineer who would be delighted with 
industrial components which are sensitive and, under 
normal operation, last virtually forever with no main- 
tenance or servicing, then you'll welcome COoNTROL’s 
standard lines of saturable reactors. 


With Controt reactor assemblies and magnetic amplifiers, 
you know complete physical and operating characteristics 
—a copy of our Catalog R-10 awaits your request. And, 
delivery is fast because sub-assemblies of these units are 
stocked, awaiting your control-winding specifications. 
CONTROL reactors are available for both 120- and 240-volt 
60-cycle operation. There are eleven standard sizes in each 
voltage range. They have extremely high gain. Six ampere- 
turns control nearly 2,000 watts in the largest size. Power 
outputs range from 50 to 2000 watts, with only 2 ampere- 
turns required for control of the smallest units. 


In addition to higher gain, smaller exciting current, and 
fewer ampere-turn characteristics, CONTROL reactors have 
a 40 to 1 cut-off ratio. They are totally enclosed so that 
the high performance toroidal cores used are protected, 
and the entire assembly has the ruggedness required 
for long life. 


ContrROL offers the same convenience of standardization 
in use of high permeability magnetic devices that you’ve 
enjoyed with other components. Add to this convenience 
ruggedness and freedom from maintenance which is un- 
matched, and you'll welcome Controt to your design 
picture. Write for complete details and literature today. 
CONTROL, Dz pt. EM-37, Butler, Pennsylvania. 


eeceeeeeesseeeeeeeee- Eeeliability begins with "ili: ls \] T'RQ)] ' 
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A DIVISION OF MAGNETICS, INC 


















GREATEST VERSATILITY 
EVER OFFERED 


in a Single Motor Control Design 


3)" 


OPTIONAL 
a) PLUGIN 


RECEPTACLE 


OPTIONAL 
LATCHING 
ATTACHMENT 






No. of Poles | 2to4 6 

































Width 3” 4'2" 


Now SIZE OO and oO 
RELAYS 


600 VOLTS AC 10 and 15 AMPS 
2°3°*4*+ 6+ 8 POLES 









OPTIONAL PLUG-IN RECEPTACLE ... mini- 
mizes down-time on high output machines; relay 
speedily replaced without disturbing wiring. 


EASIEST CONTACT CONVERTIBILITY . . . from 
normally-open to normally-closed. No tools 
needed. 


SIMPLIFIED FRONT REMOVAL OF COIL... 
fastest, easiest method of removing coil ever de- 
vised. Just remove 2 screws, swing to front, and 
lift out entire assembly. 


HANDIEST LATCHING ATTACHMENT... an- 
other A-H exclusive, allows quick conversion to 
latching type relay . . . the only such single at- 
tachment quickly convertible in the field from 
“latch-in” to “latch-out” or “latch-in-and-out.” 


Available with AC and DC holding coils. 
For complete information, write to The 


Arrow-Hart & Hegeman Electric Company, 103 
Hawthorn St., Hartford 6, Connecticut. 









ARROW AH HART 
Kuali since 1890 


MOTOR CONTR< ENCLOSET SWITCHES 


VITCHES + WIRING DEVICES 










mechanical and humidity shock. 

All three types are made in accord- 
ance with MIL-R-26C specifications. 
P. R. Mallory & Co. Inc., 3020 E. Wash- 
ington St., Indianapolis 6, Ind. 
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MINIATURE ELECTROLYTIC 
CAPACITOR 


Suited for transistor radios, hearing 
aids, portable TV receivers and other 
applications where size requirements 
are important, miniature electrolytic 
capacitors, type ML, are available her- 
metically sealed in aluminum cans or 


m 


cf, PYRAMID 4 


in a ceramic case. Sizes range from 
344 in. diam. x 4% in. length to 7 in. 
diam. x 1%¢ in. length. Other specifica- 
tions: capacitance range, 1-500 mf; 
voltage range, 3- 100 volts; and oper- 
ating temperature: —20 to 65 C: Capac- 
itance tolerance, standard tolerance 
is -15 per cent to 100 per cent. Pyra- 
mid Electric Co., 1445 Hudson Boule- 
vard, North Bergen, N. J. 
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TRIPLE PACKAGE 
CIRCUIT BREAKERS 


Circuit breakers contains a modified 
AB breaker and a current limiting fuse 
with three tripping elements: time- 
delay thermal, instantaneous magnetic, 
and current-limiting fusible. 

The Tri-Pac breaker eliminates pos- 
sibility of single-phasing on faults; it 
can be quickly reset after breaking 
on overload or usual fault current. 

Tripping cause, whether overload, 
usual fault or extreme fault, is indi- 


JUNE 1957 ELECTRICAL MANUFACTURING 





Fastener Facts 


by Henry Peterson, Chief Engineer — Judson L. Thomson Mfg. Co. 


PRECIOUS METAL CONTACT RIVETS 


Objective: Greater Reliability 


When contact specifications call for 
higher-than-usual electrical or thermal 
conductivity or resistance to corrosion, 
precious metals take over from copper 
and brass. Many manufacturers of 
aircraft, automotive and _ electronic 
equipment have upgraded their elec- 
trical contacts with precious metals 
where the need for greater reliability 
has outweighed cost factors. 


Wide Choice of Metals 


To meet demand for contacts that 
perform efficiently under critical con- 
ditions, Thomson manufactures con- 
tact rivets in a wide variety of precious 
metals. They include: fine, coin, and 
sterling silver; all combinations of sil- 
ver and copper; combinations of silver 
cadmium and nickel; pure palladium; 
palladium silver combinations; gold 
platinum and irridium combinations; 
and pure tin. This choice of contact 
materials allows designers to match 
electrical, physical and chemical prop- 
erties to specifications for trouble-free 
operation under varying operational 
and environmental conditions. 


T UU ® 


SOLID AND 
CHAMFERED 


SPOT SHANK SEMI. TUBULAR 


Four Rivet Types 


Thomson cold heads contact rivets 
for four application methods. 

Solid Rivets are specified when con- 
tacts are to be hand set... a method 
used only when quantity or space 
limitations rule out the use of auto- 
matic setting machines. 

Solid and Chamfered Rivets, used 
as duplicate head contacts ... are 
clinched by high-speed automatic set- 
ting machines. 

Spot Shank Rivets increase speed of 
automatic setting because their in- 
dented shanks allow the pilot pin in 
the anvil to pick them up faster and 
line them up more accurately. 


JUDSON L. 


Semi-Tubular Rivets, with their 
greater length and deeper holes, in- 
crease the speed and reliability of 
machine handling without increasing 
their weight or cost. 


Cost Considerations 


When specifications call for the high 
conductivity and corrosion resistance 
of precious metal contacts, but budg- 
etary limitations indicate a lower 
price, we often suggest a compromise. 
Thomson Rivets, cold-headed from 
copper and brass and capped with sil- 
ver, improve contact performance at a 
fraction of the cost of all-silver rivets. 

However, the use of precious metal 
rivets doesn’t always mean greatly in- 
creased costs. Manufacturers of light- 
bulb and fuse sockets have found that 
Thomson Pure Tin Rivets outperform 
lead solder contacts at a little or no 
price differential. 


Design Factors 


Head Shapes of Thomson contact 
rivets are designed to suit customers 
requirements. Most common shapes are 
oval, flat countersunk, ideal and but- 
ton. As a rule, head diameter is be- 
tween 1.75 and 2.75 times the shank 
diameter and head thickness between 
0.3 and 0.6 times shank diameter. 

Shank Diameter of Thomson contact 
rivets range from .036 to .187, depend- 
ing on wire sizes available in various 
precious metals. 

Shank Lengths run from .6 to 6 
times shank diameter. In semi-tubular 
rivets, length is generally determined 
by adding 55% of the shank diameter 
to the thickness of the materials to 
be fastened. 

Hole Depths of Thomson Semi- 
Tubular rivets seldom exceed shank 
diameter. However, exact depth is de- 
termined by the clinch requirements 
in each case. 

Tolerances of Thomson Precious 
Metal Rivets approach these of screw 
machine parts. Our precision machines 
hold tolerances to plus or minus 0.001” 
in high-speed production. 
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DESIGN 
PRODUCTION 
& PURCHASING 
DATA 


Clearances for rivets and rivet-set- 
ting machine driving heads and clinch- 
ing tools should be considered early in 
the design stage. Hole sizes for rivets 
should be 1.07 times shank diameter. 
Ample room should be allowed for in- 
serting rivets into the work and for 
driving and clinching mechanisms. 
Early consultation with Thomson en- 
gineers will help you design around the 
rivets and machines to be used. 


BENCH-TYPE MOTOR-OPERATED MACHINE 
Thomson High-Speed Machines 


Users of precious metal contacts 
specify Thomson as much for the as- 
sembly speed of our machines as for 
the precision manufacturer of our 
rivets. Thomson has developed more 
than 250 styles of machines which can 
do thousands of fastening jobs ‘ 
with or without adaptations. Auto- 
matic hopper feed, multiple rivet-set- 
ting heads, special work handling and 
loading fixtures are optional features 
that accelerate riveting operations. 
Thomson selects and custom-tools the 
proper machines and tests them on 
actual samples before shipment. You 
buy or lease them as you please. 


Design and Engineering Service 

Thomson analyzes your company’s 
contact or fastening problems and 
makes specific rivet and machine rec- 
ommendations ... at little or no cost. 
When called in early, we can specify 
rivets and machines for minimum cost 
and maximum assembly speed. For 
work in progress, submit sketches, 
prints or samples for recommendations 
and quotations. 


Free ‘‘Fastener Fact File”’ 

(Due off Press in A Few Weeks) 

Be one of the first to profit from our 
new manual in all phases of riveting. 
It covers types, applications, mate- 
rials, finishes and other factors that 
simplify selection of the right design 
rivet and machine for lowest fastening 
costs. Reserve your 
copy today. Write 
Judson L. Thomson Fastener Fact 
Mfg. Co., Dept. D, File 
Waltham 54, Mass. 


HOM SON MFG. CO., WALTHAM 54, MASS. 
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now, industry-proven motor design available 
in large sizes, giving more motor for modern production systems 


Westinghouse anticipates modern motor requirements in 


, the new line of large-size Life-Line® ‘‘A’?’ Motors—with design 





and construction features for longer motor life, lower 
maintenance, and better system operation. You get 

more for your motor dollar. New models will be available 
in both drip-proof and totally-enclosed styles with 


frame sizes through 445. 


POWER-UP for tomorrow’s production needs with 
the new large-size Life-Line ‘‘A’’ a-c motors. 

For complete information . . . call your Westinghouse 
sales engineer or write Westinghouse 

Electric Corporation, 3 Gateway Center, 

P.O. Box 868, Pittsburgh 30, Pennsylvania. 


you CAN BE SURE...iF ITS 





Tested and proven Bondite*, Bondar* and 
Mylar® insulating materials are used 
throughout the larger motors, guaranteeing 
the performance needed for heavy-duty 
PT ase ae OT ea tee te 





For outstanding motor protection a rugged 
new housing has been designed, featuring 
internal bracket ribbing for greater protec- 
tion against physical abuse 





For flexible specification to match operating 
conditions,three types of bearings are offered 
sealed-for-life, twin-shielded greasable and 
sealed sleeve ‘ 


*TRADE-MARK 





% 2 
vue w 


Also available in 
metal base type. 


d government tests have proven the 
thermal and mechanical shock and vibration 
resistance of Chemelec Stand-Off and Feed- 
Through Insulators. Made of du Pont 
TEFLON, they are replacing components of 
brittle materials in many critical electronic 
circuits. 


Compression mounted and Color Coded— 
these insulators save the cost of their superior 
materials through economies in assembly time 
and labor. (Available in 8 standard RMA 
Colors, maintaining the same specified 
electrical characteristics.) 


Write for catalog EC-756. FLUOROCARBON 
Propucts INc., Division of United States 
Gasket Co., Camden 1, New Jersey. 


Sold through leading electronic parts distributors by Erie Resistor Corp. 


SAMA 


cated upon resetting of the breaker. 
Fuse testing is eliminated by the 
plungers in the special fuses that tell 
which phase or phases are in trouble. 

Breakers are now available in three 
frames in NEMA standard ratings of 
100, 225, and 400 amps, two or three 
poles. Ratings of 600 and 800 amps 
are to follow. Interrupting capacity 
at 250 volts d-c and 600 volts a-c is 
100,000-rms amps. Westinghouse Elec- 
tric Corp., P.O. Box 2099, Pittsburgh 
30, Pa. 
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60-CYCLE CHOPPERS 


A 60-cycle chopper, the Microverter, 
may be used to convert a low level 
d-c signal (e.g. 10 microvolts, such 
as produced by thermocouples and 
photocells,) into a low level a-c sig- 
nal which can be further amplified 
to operate various control apparatus 
in null balance servo systems, indus- 


trial instruments, and other automatic 
controls. The chopper may also be 
used as a synchronous rectifier to 
convert low level a-c signals to d-c 
without loss. 

New field of application is chopper- 
stabilized operational amplifiers where 
minimum amplifier zero drift is im- 
portant. 

Rugged construction has contributed 
to a service life of 10,000 hr at a 
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Insulated by a tough 





silicone-glass covering... 


A single small green thread distinguishes silicone-glass magnet 
wires from ordinary varnish-treated wires. This simple innovation 
—which was introduced by Rome Cable—saves you time and 
money by making identification easier and positive. 





Rome’s “green thread magnet wire” permits 
easier-wound coils for Class H equipment 


You can prove to yourself that Rome 
Cable's silicone-glass magnet wire is 
best by comparing its properties with 
those of any other. It will pass any 
reasonable test you can give it. This 
premium quality magnet wire features: 
High heat resistance —ideal for Class 
H equipment (180° C. hottest spot). 


Outstanding abrasion resistance—this 
wire is made to order for the tight ten- 
sion blocks and severe handling in- 
volved in coil winding. 


High tensile strength—this tough in- 
sulation won't crack under the tension 
of coil winding. 


Perfectly bonded—this skip-free cover- 
ing is tightly bonded to withstand 
severe bending. 

In addition to the toughness and 
heat resistance of its insulation, this 
magnet wire features a copper con- 
ductor with consistently accurate di- 
mensions, a surface free of burrs and 
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defects, and the correct copper soft- 
ness—all the result of Rome Cable’s 
step-by-step quality control. 
And-—since proper spooling of fin- 
ished wire is of real importance—Rome 
Cable accurately winds each layer. 
Spools are then carefully packed to pre- 
vent any damage during shipment. 
Many magnet wire users are now 
specifying Rome’s green thread wire 
for Class H use because they know that 
this silicone-glass magnet wire is more 
dependable and easier to use than any 
other. Why don’t you do the same? 
Contact your nearest Rome Cable 
representative for more information— 
or write to Department 203, Rome 
Cable Corporation, Rome, New York. 





High tensile strength of insulation is a 
must when winding transformer coils. 
Rome’s silicone-glass magnet wire readily 
meets this requirement. 


ROME CABLE 


.._— 
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DURAKOOL 


Tilt Switches 
are the Life of your 
Automatic Controls 


Tilted Up 
—Of This steel-clad Durakool 
mercury tilt switch has 
unique construction fea- 
tures that deliver years 
of trouble-free perform- 
ance on the most difficult 
assignments you can find. 
OF CYCLES Operating under sealed- 
FALTERING in, pressurized hydrogen 
° gas, it takes 24 hours, fast 
cycling schedules in stride. 
7 sizes, | to 65 amperes. 
Send for Bulletin 525. 


M 
Ww 


See telephone directory for local distributor, or write. 


INC. 


U.S.A. 
, TORONTO 9, CANADA 


hte 


DURAKOOL, 


ELKHART, INDIANA, 
700 WESTON RD 


aS es 
MERCURY 


LEAKAGES ° “SHORTS 
BREAKDOWN 


with 


HYPO” 


JUNIOR S 


HIGH POTENTIAL 
TESTING Write for 
INSTRUMENTS Bulletin 4A 


@ ONLY ONE instrument necessary to make 
high potential tests for leakage, break- 
down or shorts! 

@ PORTABLE, with rugged steel case... 
Operates in any position! 

@ SAFE to use, with rugged test leads, current 
limiting transformer, grounded case! 

@ SIMPLE — only three easy steps to make a 
complete test! 


@ VISUAL INDICATIONS from neon lights 
give positive test results. Audible test indi- 
cation for leakage also available. 


@ RANGES 0-1500 to 0-10,000 V.A.C. output. 
Other “Hypots” to 100,000 V.A.C. output 
at 10 KVA. 


@ WRITE for complete data on “HYPOTS” 
for your jobs. 


AS SOC Daa Mata 


LACS CO P-€ JPA AB A 


3794 WEST BELMONT AVENUE’ + CHICAGO 18, 


ILLINOIS 
~ Export Dept., 308 West Washington Blvd., Chicago 6, Illinois. 
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| d-e 


| ponents Div., 


volt 
d-c 


| contact load of 1 milliamp at 1 
resistive. Standard coils with 


| resistances from 13 ohms to 7,950 ohms 


are available for a driving voltage 
from 0.5 volt to 12 volts 
Barber-Colman Co., Electrical 


1400 Rock St., 


range rms. 


Com- 
Rockford. 
| Til. 
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DUST- AND VIBRATION-PROOF 
PUSHBUTTON SWITCH 


Dust- and vibration-proof, 
industrial switch has 
wire leads. The 25-P 
be ordered with soldering lugs or 
terminals. Damage from vibra- 
or dust is prevented by maker’s 


pushbutton 
standard 6-in. 
switch also can 


screw 
tion 


molded phenolic case. The pushbutton, 
3gin. in diam., is finished in nickel. 
Other available models include: the 


27-P, a three-way type of 6 amp. 125 


| volt rating; and the 28-P, a two-circuit 


type for controlling either of two 


| circuits. It has off position and is rated 


125 volts. McGill Manufac- 
Inc., 909 North Lafayette 


at 6 amp., 
turing Co., 





| St. Valparaiso, 


| superior 


Ind. 
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| CEMENTABLE 


GLASS-SUPPORTED AND 


| UNSUPPORTED TEFLON TAPES 


Available is a complete new line of 


| cementable, glass-supported (glass cloth 


reinforced) and unsupported Teflon 
tapes. The glass-supported material 
differs from the unsupported tape in 
that it is reinforced with finely-woven 
strong glass cloth giving it much great- 
er abrasive resistance, higher tensile 
strength, lower cold flow, improved 
dimensional stability, and generally 
mechanical properties. 
Both cementable glass-supported and 
unsupported Teflon can be bonded with 
ordinary adhesives to practically any 
| surface. Produced in widths from 14 
| in. to 12 in. and in thicknesses from 





0.002 to 0.060 in., the tapes are avail- 
| able with either one or both surfaces 
treated for adhesion. The cementable 
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Memo to control systems manufacturers: 


If you’ve got a really tough cable 
Rome’s cable specialists can solve it 


One sure way to solve your really tough 
cable problems is to call in a cable 
specialist. At Rome Cable you'll find a 
complete group of specialists—men ex- 
perienced in the design and manufac- 
ture of conventional and special wires 
and cables. 

Femco Inc.—a communications and 
control systems manufacturer—recently 
turned to Rome’s engineers for the 
communications cable in one of their 
unique control systems. Special heat- 
and moisture-resistant, rubber-insu- 
lated cable—consisting of twisted pairs 
with one pair shielded—was designed. 
Rome Cable built 50,000 feet of it to 
interconnect Femco’s Pagephone sta- 
tions. A standard heat-resistant ther- 
moplastic machine tool wire was used 
for the pit cover control. 


Cable that best meets your need 


As Femco Inc.—and many others—have 
learned from experience: you get ex- 


actly what’s required to do the job from 
Rome Cable. If standard wire and 
cable are adequate for the job, Rome’s 
engineers will recommend that you 
use them. If, on the other hand, you 
need a special cable, they'll design and 
build whatever your equipment re- 
quires. Our years of experience in 
handling difficult cable-building as- 
signments can be of real value when 
your cable problem is really a tough 
one. Why don’t you let us give you a 
hand? 

Contact your nearest Rome Cable 
representative for more information— 
or write to Department 400, Rome 
Cable Corporation, Rome, New York. 


SPECIAL CABLE FOR FEMCO. Rome’s 
engineers designed a special cable to inter- 
connect Femco’s Pagephone stations. 50,- 
000 feet of custom heat- and moisture- 
resistant Pagephone cable were supplied 
by Rome Cable for this unique application. 


ROME CABLE 


Cc Oo 
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MiniMiZing suir-rinc 
contact R-F Noise Levels 


= 


Wherever contacts slide or operate against rotating surfaces, 
there is a good chance that specially developed Stackpole 
silver-graphite grades will assure good performance with a 
marked reduction in r-f interference levels. 


They have, for instance, been used with outstanding success 
on applications ranging from radar antenna operating units 
to calculating machines; from aircraft prop-pitch rotators 
and de-icers to midget motors; for temperature measurements 
and on rotating equipment, and in many other uses. 


They have assured more stable contact resistance and in- 
creased contact life. Equally important, Stackpole’s unique 
high-temperature process for brazing these little contacts to 
their support arms has greatly simplified assembly operations. 
Overall costs have been reduced accordingly. Shielding and 
filters have proved unnecessary in many cases. 


The usual method is to operate a silver-graphite contact 
against a coin-silver slip ring. In some cases, silver-graphite 
or copper-graphite operating against copper give satisfactory 
results. It all depends on the application—and that’s where 
Stackpole’s years of specialized experience in custom engi- 
neering contact material combinations from metal powders 
pays worth while dividends to contact users. 


Details of your slip-ring contact (or brush) application will 
bring prompt recommendation based on a careful study of 
the equipment requirements and operating conditions. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


ONTACTS 


| 


surface is produced by treatment with 
a sodium-ammonia mixture. 

These tapes, of special value in the 
electrical and electronics fields, offer 
a non-tracking surface with surface 
resistance of over 106 megohms. Appli- 
cations include: Coil insulation, motor 
winding insulation, electronic chassis in- 
sulation, hermetic seal surfaces for elec- 
tronic components and surface facing on 
other insulating materials. Continental- 
Diamond Fibre Corporation, Newark, 
Delaware. 


Circle No. 32 on Reader-Service Cards 
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COMPACT BLOWER 


Suitable for electronic equipment, pho- 
tographic equipment or similar equip- 
ment, blower offers a movement of 
17 cu. ft. of air per minute with 
advantage of compact package. Overall 
dimensions: 3 1/2 inches wide. 2 7/8 


inches deep, 3 3/4 inches high. Model 
17 as illustrated operates at 3000 rpm 
(free air) from 115 and 
draws 10 watts. Total weight of il- 
lustrated unit is 22 ounces. Use is 
made of a quiet-running, sleeve-bear- 
ing motor. Minarik Electric Co., 224 
E. Third St., Los Angeles 13, Calif. 


Circle No. 33 on Reader-Service Cards 
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volts a-c 


MINIATURE HYSTERESIS 
SYNCHRONOUS MOTORS 


Synchronous motor characteristics are 
available in a size 10 frame (1 in. 
OD). The miniature line of instrument 
motors are offered in a variety of 
speeds and torque ratings for appli- 
cations requiring constant running 
speeds such as computer mechanisms, 
timing devices, programmers and for 
relay operated control motor appli- 
cations. They are available in 8000 
and 12000 rpm models; single-phase 


and 3-phase; 26-volts and 115-volts. 
The motors are constructed with 
smooth homogeneous rotors and stators 


Hundreds of grades in SILVER-GRAPHITE © SILVER-LEAD-OXIDE © SILVER-NICKEL | 
SILVER-MOLYBDENUM ¢ SILVER-TUNGSTEN © COPPER-GRAPHITE © GOLD- 

GRAPHITE © SILVER-COPPER-GRAPHITE © SILVER-IRON OXIDE . . . and other | 
special combinations mixed to exacting specifications and processed from powders. 
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al terminals... 


a Now—in minutes—you can adapt your punch press 

WINDICATOR for low-cost, high speed production installation 
of Burndy terminals. The Y29SU adaptor with nest 
dies and indentors equips a press of 5-ton 
capacity or larger .. . for installation of Burndy 
Hylugs and Insulugs on a range of cables from #8 
thru 4/0 AWG. The sliding nest racks and indentors 
can be changed in a few seconds. No servicing 


is required... except for normal maintenance 


employed on this familiar plant equipment. 
SLIDING NEST RACK 


For complete details, write Omaton Division, 


Norwalk, Connect. ¢ Toronto, Canada « Other Factories: New York, Calif., Toronto « Export: Philips Export Corp, 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 223 





typical 
data presentation 


of Spectrum Recorder. Instrumentation 
consisted of Accelerometer, Vibration 
Pickup Preamplifier, and Spectrum 
Recorder. 


CONVAIR GUTS JET LINER ENGINEERING TIME 
WITH AUTOMATIC SOUND INSTRUMENTATION 


The noise problems of the jet age are receiv- 
ing special attention in development of the 
Convair 880. Materials and components are 
being tested for acoustical properties in a 
new Sound Laboratory using Brush-Bruel 
& Kjaer instrumentation. 

Here the unique Brush Spectrum 
Recorder performs a complete frequency- 
spectrum analysis on sounds from 14 to 


36,000 cycles per second. Chart records, in 
one-third octave steps, provide data in most 
useful form to achieve desired results. 
And this instrumentation, operating 
automatically, saves hours of engineer- 
ing time. 

Brush-Bruel & Kjaer instruments are 
available in complete systems for analyzing 
sound-noise-vibration. Let us help you 
eliminate undesirable noise. 


strain measurements 
speed up field tests 


Here Allis Chalmers uses Brush Analyzers 
and Oscillographs to record variables 
such as weight and hydraulic pressure 
variation, drawbar load, axle torque, etc. 
Brush Oscillographs maintain accuracy 
in such rugged use, provide immediately 
available chart records to save engineer- 
ing time. Described in booklet “Strain 
Recording”. 





sahara 


Ba 


Small section of fuselage skin being noise tested in 
Convair Sound Laboratory. Brush-Bruel & Kjaer 
instruments are used here to check transmission loss 
in panels, absorption coefficients of materials, rever- 


beration times, and for general sound tests. 


For information call your Brush representative. 
Or write Dept. C-6 for booklet “Sound Measurements” 


BRUSH ELECTRONICS COMPANY 


3405 Perkins Avenue, Cleveland 14, Ohio 


OSCILLOGRAPHIC RECORDING SYSTEMS + SOUND INSTRUMENTATION + MAGNETIC COMPONENTS + PIEZOELECTRIC MATERIALS « WEAPONS SYSTEMS 





NEG’ATOR SPRING 


CARBON BRUSH ———\~————-> 


NOTE: Br 


constant for 


Maintain Constant 


USING A NEG 


In the NEG’ATOR Con- 
stant-Force Spring, 
design engineers now 
have a mechanical 
component which will 
maintain constant pres- 
sure or tension over all 
deflections 

In vending apparatus, 
long NEG’ATORS are used to feed 
merchandise into dispensing posi- 
tion. In a belt grinder, NEG’ATOR 
Springs counterbalance a motor 
while keeping the drive belt taut. In 
a cam follower mechanism, a 
NEG’ATOR produces desired constant, 
minimum pressure. In motors and 
generators, NEG’ATOR Brush Springs 
keep pressure on carbon brushes at 
a constant, optimum value to com- 

pensate for brush wear. 
As illustrated, one of the many 
design features of the new General 
Electric Co. KINAMATIC* Motors and 


*Trade Mark of the General Electri 


THE HUNTER 


R. ROTATION 


Pressure or Tension 
ATOR’ SPRING 


Generators are the new brush holders 
which incorporate NEG’ATOR Brush 
Springs. By utilizing NEG’ATOoRS, GE 
engineers gained the following: 
1) unvarying optimum pressure 
between brush and commutators; 
2) elimination of periodic manual 
adjustments of brush pressure; (3 
elimination of spring “‘hang-up”’; 
4) a one-piece assembly which is 
simple to fabricate and easy to 
assemble into the equipment; (5 
easy, one-hand brush removal and 
replacement without tools 
Wherever applied, NEG’ATOR 
Springs—used as extension mem- 
bers, long-running motors, as bands, 
have cut costs and 
improved products. Learn more 
about this new basic component. Re- 
quest a copy of Bulletin 310N. Or, if 
you’re interested in NEG’ATOR Brush 
Springs, write for Bulletin 310P. 


clamps, or clips 


, 
neg ator 


constant-force spring 


HUNTER SPRING COMPANY 


22 Spring 


SPRINGS @¢ 


Avenue, Lansdale, Pennsylvania 


STAMPINGS * TEST APPARATUS 


leaturing constant torque independent 
of rotor position. They will bring a 
high inertia load smoothly into syn 
chronism by virtue of the inherently 
high starting torque. These motors are 
designed to meet the environmental 
requirements of MIL-5400. They can 
be readily altered electrically and 
mechanically to meet the specific cus- 
tomer requirements. Luther Manufac- 
turing Co., 7312 Varna Ave., North 
Hollywood. Calif. 
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METALLIC COLORS ACHIEVED 
IN STRAIGHT AND SPIRAL 
PLASTICS EXTRUSIONS 


Extruded plastics with a true metallic 
appearance has been developed that 
silver, 
chrome and annodized aluminum colors 


achieves lustrous gold, brass, 
by extruding a variety of clear and 
tinted translucent plastics over metal- 
lic core materials. 

The flexible Spiral form of SPEC- 
PRO-CHROME 


coordination on such 


permits color design 


appliances as 


avy 


Ps 
ws 


ea ee 


coffee makers, irons, 
among others. Completely in 
sulated by its plastic cover, SPECTRO- 
CHROME’S electrical conductivity in 


straight extrusions offers many 


toasters, 
} 


vases, 


lamp 


other 
application possibilities in the elec- 


fields 
plastics 


trical and electronic 


The extruded material is 
available in round spirals from a mini- 
mum of 1/8 inch ID to any practical 
diameter. Square and rectangular spi 
rals of varying dimensions are also 
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when you need smal! parts like these*... 


The fabrication of precision parts of industrial ceramics is a 
specialized job... and STAR specializes in it! 


There is practically no limit to the variety of shapes we can 
turn out to meet your simple or intricate specifications 
precisely .. . economically. 


More than 25 automatic presses, operating 24 hours a day 
are available to turn out ferrules, grommets, eyelets, rings, cups, 
shells, and millions of other close tolerance parts made from 
STAR Ceramics. This means lower cost to you. . . faster service 
to meet busy production schedules. 


WRITE FOR COMPLETE DETAILS AND A GENEROUS ASSORTMENT 


ets on. . 
This new 20-page, fact OF SAMPLES. 


filled engineering catalog 
contains complete data 


and information on Star 

materials and engineering t h e 
facilities. It’s a work book 

you'll find invaluable. 


wy porcelain company 


41 Muirhead Avenue, Trenton 9, N.J. 
* This includes the half dollar (and 


more) in production savings! 
P ” California Representatives: 
Edwin E. Starr, 4101 Rhodes Ave., North Hollywood, Calif. STaniey 7-5879. 
Thermo Materials, Inc., 44 Encino Avenue, Palo Alto, Calif. DAvenport 6-2780 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





4 b offered. Straight extrusions are manu- 

—s ; factured in sizes and shapes to meet 

a evTUs i specific requirements. Schwab Plastics 

at DUE TO WILL Corp., 730 South Dix Ave., Detroit 
Mae La 17, Mich. 
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Pel 
ee RESIN-INSULATED CORES 


Tegel 

OF GRAIN-ORIENTED STEEL 
Resin-insulated ring-type core made 
from grain-oriented Hipersil steel, in 
all gages from 1 to 12 mils thick, is now 
available for toroidal core designs rang- 
ing in size from small blocking-oscilla- 


TT) ee Ula 


wm 
UNITED 


mT 


tor pulse transformers through large 
power units. 

Windings can be placed directly on 
the core, eliminating the need either to 
tape the core or to encase it in plastics 
or an aluminum box. 

The resin coating is continuous and 
smooth. Corners are rounded to elimi- 
nate any possibility of shorting wire to 

14,000 G-E GLOW LAMPS KE EP core. The coating does not impair mag- 


netic properties of the core and with- 


2,000,000 PEOPLE PE R YEAR stands a voltage to ground of 2500 volts. 


Westinghouse Electric Corp., P. O. Box 


ON TIME! 2099, Pittsburgh 30, Pa. 
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Cleveland, Ohio—The flight information board at Hopkins Air- 
port contains more than 14,000 G-E Glow Lamps that are turned 


on and off from a master control panel to form letters and numbers 


NONLINEAR POTENTI- 
OMETERS FOR SINE-COSINE 
AND SQUARE-LAW 

7 i ee ee ae be SR FUNCTIONS 
and dramatic as itis... General Electric Glow Lamps have many 


! oe a . Nonlinear, precision wire-wound poten- 
electrical characteristics that are stirring real enthusiasm in the 7 2 F : 
tiometers in standard and sub-miniature 


in lights. And although glow lamps are not primarily designed for 
lumen output, this board is easily readable from any spot in the 


spacious terminal. But—functional as this application might be... 


electronic design field. So, consider G-E Glow Lamps for every live . 
; } sizes for sine-cosine and square-law 
circuit in your design plans. General Electric Co., Miniature Lamp 


Dept., Nela Park, Cleveland 12, Ohio. 
A Single G-E Glow Lamp May Serve As A: 
RELAXATION OSCILLATOR + LEAKAGE INDICATOR 
SWITCH +« VOLTAGE REGULATOR + VOLTAGE INDICATOR 


functions are available in prototype and 
production quantities. The design is 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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Wagner Type RA Single-phase Motor 
Repulsion-start Induction 1 through 5 hp. 


NOW...Wagdner’s high starting torque 
Integral hp single-phase motor is available 
in the latest NEMA frame sizes! 


The well-known Wagner Type RA Motor is the work- 
horse of the single-phase motor field. This repulsion- 
start, induction-run motor combines the best features 
of the repulsion motor in starting, with those of the 
induction motor while running at rated operating 
speeds—ideal for applications requiring high starting 
torque. 


No other single-phase motor has its ability to contin- 
ually start heavy loads or perform with such complete 
satisfaction under continuous service. 


Specifically designed for compressors, pumps, machine 
tools, grinders, and conveyors; it is preferred for many 
other single-phase high inertia or heavy friction start- 
ing applications because of its ability to start such 
loads with low current and with minimum light flicker. 


Let a Wagner field engineer show you how these 
motors can be applied to your needs. Call the 
nearest of our branch offices, or write us. 


OLD FRAME SIZE | NEW FRAME SIZE 


4 pole (1750 RPM, 60 cycle and 1450 RPM, 50 cycle) 
ratings are interchangeable in mounting dimensions 


with capacitor-start motors of the same ratings. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Wagner Electric @rporation 


6154 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS * TRANSFORMERS « INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 
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Ta LT day, 
QZ simPcet 


MALLEABLE IRON 
Ta 


PRECISION 
MACHINED FOR 
PERFECT FIT 


It’s Made Better 
for Your Needs! 


MEETS J.1.C. and N.M.T.B.A. 
STANDARDS 


elbow is malleable iron, cadmium 
plated 


Steel cover is cadmium plated with 
larger screws designed to fit snugly 
in opposed corners without protrud- 
ing inside 

cover domed for greater rigidity, 
provides more working space and 
more wire area inside elbow 


full neoprene cover gasket (not cut 
out) 


ground smooth surfaces assure 
tighter cover and gasket seal 


more metal at inside 90° bend pro- 
vides stronger, more durable elbow 


no obstructions inside, all smooth 
surfaces 


hubs have precision tapered pipe 
threads and are positioned exactly 
90° from center 


sold complete with covers, screws 
and elbows, shipped assembled 


sizes marked on both covers and 
elbows 


SIZES... Yo", Ye", 1", 1Y4", 1Y2”, 2” 
SEE YOUR WHOLESALER ... 
(DEAL) \DEAL-SIMPLET FITTINGS, INC. 


A Subsidiary of Ideal Industries, Inc. 
1008-F Park Avenue, Sycamore, Ill. 


SEND COUPON FOR ALL FACTS 


IDEAL-SIMPLET FITTINGS, Inc. 
1008-F Park Ave., Sycamore, Ill. 


Send Pulling Elbow prices & data. [_] 
Send complete line catalog. [] 


Name 

Company 

Address 

State 


City_ Zone 


i 
! 
i 
! 
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i 
i 
& 


ee 


230 


said to assure high resolution and close 
conformity for applications as 
generation of functions, transmission of 
angular 


linear 


such 


information, nulling in non- 
systems. and electromechanical 
data conversions 

Standard 


available in 


sine-cosine Acepots are 
ATA sizes 30 and 20 with 

0.5 per cent peak to 
1.0 per cent peak to peak 
respectively. Standard square-law Ace- 
pots are available in AIA sizes 30 and 
20 with tolerances of 


tolerances of 
peak and 


0.25 per cent 
independent conformity and + 0.75 per 
cent independent conformity respective- 
ly. The nonlinear units are designed 
specifications. Ace 
Electronics Associates, Inc., 103 Dover 
St.. Somerville 44, Mass. 
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to meet military 


VACUUM GAGES 
WITH RELAY CONTROL 


Vacuum gages with — single-contact 
relay control for auxiliary circuits are 
now available for the following three 
ranges: O—100 (Model 
CL-1), 0—1000 ( Model 
CV-1), and 0.) (Model 
CP-1). 

An adjustable contact arm on the 
meter can be 


microns Hg 
microns Hg 
20 mm. Hg 


preset for control at 
within the 
Contact 


pressure 


any point range of the 
when the 


reaches the 


instrument. closes 


vacuum preset 


position. This activates a_ single-pole. 


double-throw relay to auxiliary circuits 
having a total capacity up to 5 amp 
at 125 volts. The instrument continues 
its control until pressure is brought 
back into the selected range and con- 
tact released by manual reset. 
Design features of the direct-reading 
instrument include a nickel-plated gage 
tube which offers freedom from out- 
gassing, system contamination and cor- 
This affected by 


exposure at atmospheric pressure. In- 
ternal 


rosion. tube is not 


voltage regulation is provided 
effect from variations 
in line voltage. Special advantages in- 
clude limit control, 
internal voltage regulation, rapid re- 
sponse to system changes, direct-read- 


to prevent any 


upper or lower 


Motor driven 
variable transformers 
for 


REMOTE 
CONTROL 


A-Yott 
M 3012 


(One of 22 basic models) 


Where you need accurate and positive 
remote control of variable voltage, 
you'll get the results you want from 
one of the twenty-two basic motor 
driven models available in the Adjust- 
A-Volt series. 

Single units or up to 6-gang assem- 
blies, with load ratings from .35 to 28 
KVA—115V or 230V input—will help 
you solve many application problems 
where “long distance” push-button or 
switch operation is required. 

Typical in the series is the M3012 
shown above. This is a compact, rug- 
ged transformer with high perform- 
ance value. Maximum load rating is 
6.0 KVA; output 0-135V or 0-115V; 
maximum current output, 30.A. 

All models equipped with standard 
115V, 60 cycle motors, or lower volt- 
age motors if specified. Travel speeds 
of 6, 13, 26 or 45 seconds are available. 
Clockwise and counterclockwise limit 
switches are standard features. Units 
are enclosed in a well ventilated case, 
protected with a grey wrinkle finish. 
Militarized 60 cycle or 400 cycle units 
available. 

Send for the catalog describing 
the complete Adjust-A-Volt line. 


STANDARD 


sete Re a tie aed 
2240 E. THIRD ST., DAYTON, OHIO 
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SHOWN % ACTUAL SIZE 
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source for 


‘eign if re % 
U VALYC Ww 

Progressive designers, the men who lead the trend toward min- 
iaturization, depend on ASCO as the one source for a full line 
of midget solenoid valves. The unexcelled quality and dependability 
that ASCO pioneered in the solenoid valve field is found, too, 
in today's midget solenoid valves. Only the size has been reduced. 

For flow applications using air, gas, water, light oil, refrigerants 
and many other liquids, ASCO Midget Valves assure complete 
safety and truly exceptional performance. 

ASCO Midget Solenoid Valves are available with standard, 
watertight or explosion-proof enclosures. Pipe sizes ¥g” and 4%"; 
pressure range 0-1000 psi. 

There's one source that solves virtually any solenoid valve 
problem — ASCO. Write today for complete data on ASCO 
Midget Solenoid Valves — or outline any of your requirements. 
We'll be pleased to assist you. 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 





PL a STOCK MAGNETIC 
: a|| AMPLIFIERS 
LiL met eee Lhd e4 


SATURABLE TRANSFORMERS 
DESIGNED TO MEET 


Mil-T-27A, Grade 4, Class R 
Life expectancy 10,000 hrs. min 
Maximum Altitude 50,000 ft. 


For information on 
special saturable 
transformers, de- 
signed and built to 
your specifications, 
write to Saturable 
Transformer Engi- 
neering Department, 
Chicago Standard 
Transformer Corpo- 
ration. 


All Primaries 115V., 400 cycles 


STH-3 
Power Ovtput In watts 2.7 3.5 
Voltage Output, volts 26 115 
Load Resistance in ohms 250 3800 
Tuning Capacitor, MFD 28 19 4 
Primary Current in amps 08s 1 13 
Control Current, MA 8 8 8 


Control Coil 2900 2900 310 
Res. (Per Coil) in ohms 


Control Coil By pass J J BS 

Capacitors, MFD 

Base Area, Dimensions, in 6 Ye 1%yx2V% 1% x 244 2%«x3% 
Height, in 2% 23%2 3% 
Mig. Ctrs., in % x WH 1x1% M%x1% 1% x 2% 
Actual Wt., Lbs % 1 1’ 2% 


Typical Servo-Motor Lood 
Kearfott R-118 R-119-2 R-110-2 R-111-2 R-112-2 


G. M. Labs. —— 665-54 665-53-40 665-53-44 
665-19 665-48 665-41 665-45 


SEE CHICAGO TECHNICAL BULLETIN /CT-39 FOR ADDITIONAL INFORMATION 


DESIGN for fast delivery, economy and 
proven performance—over 


WITH STOCK 1100 stock units are available 
TRANSFORMERS from Chicago Standard. Write 


for free catalogs. 


CHICAGO STANDARD TRANSFORMER CORPORATION 
3501 ADDISON STREET - CHICAGO 18, ILLINOIS 


Export Sales: Roburn Agencies, Inc., 431 Greenwich St., New York 13, N.Y. 


ing logarithmic scale, and gage tubes 
unaffected by exposure to atmospheric 
pressure. Hastings-Raydist, Inc., Hamp- 
ton, Va. 
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DOUBLE-PURPOSE 
SLIP RING ASSEMBLY 


Rotating slip ring assembly accomo- 
dates segmented and continuous rings 
in one assembly. The three bottom 
rings are for continuous power circuits 


of 230 amp capacity each. The five 
upper rings are segmented for switch- 
ing 5 to 10 amp each. All rings are 
insulated for 440 volts. Superior Car- 
bon Products, Inc., 9115 George Ave.., 
Cleveland 5, Ohio. 
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DRUM SWITCHES FOR 
INSTANT REVERSING 


Three models of drum switches for 
reversing across-the-line starting of 
small conveyors, oil burners, and other 
applications for small a-c or d-c motors 
are now available. One model, Type 
IR, permits instant reversing of stan- 
dard single-phase a-c motors. Since the 
Type IR switch permits instant re- 
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For a better insulating job... 


Now...4 Polyken 
Electrical Tapes 


Where you use the modern 


UTE RLU a 


No. 822 Polyken Polyethylene Electrical Tape. 
Polyethylene, the miracle plastic at a low plastic 
price. 


No. 852 Polyken Vinyl Plastic Electrical Tape. 


Polukeni 


ELECTRICAL TAPES 


THE KEN DALL COMPANY 
Polyken Sales Diwision 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Where you use the 


SECONDARY INSULATION METHOD 


No. 163 Po!yken Cloth Electrical Tape. Less bulk, 
better protection than friction tape. 


No. 200 Polyken Plastic Coated Electrical Tape. 
Versatile indoor-outdoor insulator. 


SEND FOR FREE SAMPLES! 


Polyken, Dept. EM-F, 
309 West Jackson Blvd., Chicago 6, Illinois 


Please send me free sample strips and further information on Polyken 
Controlled Strength Electrical Tapes: 


Name__ cit iad gra ccecianeeicetgelainalios 


Company____ 


Street Address__ 
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The RIGHT rivet, plus the RIGHT riveting machine will 
produce a fastened assembly at the RIGHT low cost 


The correct combination of rivet and ma- 
chine requires expert knowledge available to 
you through Chicago Rivet engineers. 

Anticipated production, type of materials 
w© be fastened, assembly shape and its ex- 
pected service life are factors to be consid- 
ered. Decisions must be made on a rivet 
metal or alloy. Type and size of rivet, shape 
of head and shank, depth of tubular section 
must be all determined. Are indexing fixtures 
and multiple setters indicated? Can a stand- 
ard rather than a special rivet be used? 
These are the type of questions Chicago 
Rivet Engineers are daily answering for in- 
dustry. Their recommendations are avail- 
able to you without cost. We suggest you 
send a blueprint or sample assembly with 
your inquiry. 


aes ag 
1] 

2q] 
sore 

4379] 
SHAT 

6777777 
Tubular or Split 
Rivets At a Time 


Kwet & MACHINE CO. 


948 South 25th Avenue MM FOR Your FILES 


: + Rivet catalog describ- 

Bellwood Ill. (Chicago Suburb) ing 1388 standard tu- 
“ bular and split rivets 

Branch Factory: Tyrone, Pa. © and 26 single and 

; multiple automatic 


rivet setters. 


versing of any small standard single 
phase a-c motor, it is not necessary 
to buy a special motor for applications 
where it is not convenient to wait 
until the centrifugal switch closes be- 
fore reversing. The Type PR models, 
for conventional reversing duty, are 
convertible in the field between main- 
tained-contact action and “spring re 
turn to off.” 

Bulletin 141 drum switches have 
butt-wipe, self-cleaning contact action, 
and silver alloy contacts. Other fea- 
tures: ample wiring space, insulated 
barriers between phases and readily- 
accessible contacts. Clark Controller 
Co., 1146 East 152 St., Cleveland 10. 
Ohio. 
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PRECISION RESISTORS 
ARE NONINDUCTIVE 
WIREWOUND 


Miniature noninductive resistors are 
wirewound, models. Silicone sealed, 
they offer protection from salt laden- 
air and humidity. Their special pro- 
tective coating also provides maximum 
resistance to abrasion and high dielec- 
tric strength. 

Complete welded construction from 
terminal to terminal provides excep- 
tional unit strength. Careful design 


and precision manufacturing of NS 
resistors creates maximum stability and 
reliability. 

Available in five wattages, 2, 3, 5. 
7, and 10 watts and six physical sizes, 
the resistors have a maximum con- 
tinuous operating temperature of 275 
C. They are available in tolerances 
of 0.05. 0.1. 0.25, 0.5. 1 and 3 per 
cent. Dale Products, Inc., Columbus, 


Neb. 
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STAKED FASTENER 


Staked fastener, Type M provides load 
bearing threads in thin, free flowing 
sheet material such as aluminum, brass, 
panel steels and copper. Shoulder types 
for maximum strength are available for 
panels 0.031 in. to 0.250 in. thick. Flush 
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For the ultimate in i 
variable-phase potentiometers . . . 


VARI PHASE 





POTENTIOMETERS 






New and better variable, single- 
turn precision potentiometers. In 
single and ganged units. Mounting as 
per A.I.A. (Aircraft Industries 
Associated); other mountings available. 


Clarostat Vari/Phase Potentiometers 
meet or exceed A.1.A. electrical and 
mechanical requirements. Materials 
selected for lightest weight consistent 
with rugged construction. Design assures 
highest performance. In five sizes — 7/8”, 
1-1/16”, 1-5/8”, 2” and 3” diameters. 


Technical Details On Request. 
LET US QUOTE. 


DIFFERENT AND BETTER! 


Simplified phasing! External independent phasing of 
each cup, without affecting relationship of others. 
To phase, loosen nut, adjust cup, tighten nut. That’s 
all. Adjustments can be made before or after mount- 
ing. Elimination of clamping ring reduces overall 
diameter. 














ae 









CLAROSTAT MFG. CO., INC. 


DOVER, NEW HAMPSHIRE 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 






















Ae MY Cag 
control your power requirements 


Hevi-Duty Saturable Reactors are used for the 
manual or automatic control of power to a load. 
Loads such as electrically heated equipment, 
motor starting circuits, test boards and many other 
industrial power uses are ideal applications. 

By changing the magnetic characteristics of the 
reactor core, the impedance can be varied by 
means of a direct current control winding. This 
feature provides: 


. Stepless control in the AC power circuit. 


. A wide range of control with smooth and 
even adjustment over the entire range. 


. Small voltage drop in reactor at full satu- 
ration, permits 90% of the line voltage to 
be applied to the load. 


The Hevi-Duty Reactor is a compact unit re- 
quiring a minimum of mounting ‘space and is 
sturdily constructed to give years of dependable 
service. Each reactor is rigidly tested to meet 
or exceed NEMA Standards. If you have a 


Saturable Reactor application, Hevi-Duty engi- 


neers will be glad to design or assist you in 
selecting the proper size for your particular ap- 
plication. For additional information on Hevi- 
Duty Saturable Reactors, write for Bulletin 500 
today. 





types for space economy fit 
0.064 in. to 0.250 in. thick. 
The gripping strength is derived 
from the cold flow of the panel material 
into the recessed, knurled grooves of 
the fastener during installation. Instal- 
lation is by standard presses, adjust- 
able to The fas- 
teners, being round, need no indexing. 
It finds applications in aircraft, elec- 


panels 


pressure or stroke. 


tronics equipment, guided missile and 
business machines, among others. The 
My-T-Grip Manufacturing Co., 
176 Broadway, New York, N. Y. 
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Inc., 


HEAT TREATING FURNACES HEVIeDUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


———$——$_ $$ $$$ 


SMALL NYLON BOBBINS 


Small nylon 
from stock; 


Jor HIGHEST ELECTRICAL 
Pea eos 


coil bobbins are now 
with coil forms produced 
in a variety of sizes in round, square, 
rectangular and shapes. 
approximately 1/4 diam 
x 1/4 long minimum, up to 7/8—the 


oval Sizes 


range from 





oath 


P-2406-CCT 
Piug—with cable 
clamp in top. 
largest size presently furnished from 
stock die elements. 
Precision molding techniques pro- 
duce parts automatically. A_ special 
single-cavity, high-speed method mini- 
mizes shrinkage problems and dimen- 
sional variations of conventional mul- 
tiple cavity molded coil bobbins. 
Coil bobbins are also available from 
i OWARD i J i D IVISION Gries on special order in other thermo- 
CINCH MANUFACTURING CORPORATION plastics. 

-HICAG 4 ILLINOI: The coil bobbins are used primarily 
SUBSIDIARY OF UNITED-CARR FASTENER CORP for transformers, solenoids, tuning 
coils, and in deflection, audio, reactor, 


$-2406-SB 
Socket with shallow 
bracket for flush 

mounting. 





JUNE 1957 ELECTRICAL MANUFACTURING 



























CLIPS FOR ATTACHING 
TUBING ; 
When ordering, Bs 
specify %", is” 
or %” tubes. 


Sule TF AT RS 
Ee 


Double Clips 


LOR 


3-Tube = 


_ 4-Tube Clips 





Single Clips 










Double Clips — Wing Type 









SIGHT 
GRAVITY 
FEED 
MULTIPLE 

OILERS 
















Design “Low Cost” 
Into YOUR Equipment 


ITS 


Weodd's Largest 





Selection of 


SIGHT 
GRAVITY 
FEED 
OILERS 









Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 
through sight 
glass in stem. 

Shut-off knob does not affect 
needle valve adjustment. Visi- 
ble oil supply. Non-breakable. 
Tops in convenience and de- 

pendability, at low cost. Style 
NFU—No. 3602-A. 























SIGHT GAUGES 
For use where rate of 
: oil flow must be reg- 
ulated to suit changing 
operating conditions. 


Needle 
valve 























+ permits 
extremely 
accurate 












This one unit replaces 3 to 8 
individual oilers. Maximum 

racticality in a small central 
Ficiastion system. Positive cut- 
off during idle periods. Individ- 
ual vibration-proof needle valve 
adjustments. With solenoid con- 
trol (Illustrated): Style MDS— 
4685-A. Wiebe. solenoid: 


adjustment 
of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 
at a moderate price. 
Style PF—No. 4290. 
































LUBRIKIT... An assort- 
ment of 95 oil cups of 29 
different types. Gits sales 
records show these oilers 
are most used for replace- 
ment and maintenance. 
Contents of each separate 
bin are clearly described 
on Inside Cover. 


Special Introductory Price 


Just $1425 F.0.8. Factory 
Satisfaction or your money back 


GEAR 
CASE 
GAUGES 





This oil gauge plug permits in- 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


Don’t price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


GiITS BROS.MFGS. @o. 
The Standard For Industry For Almost Half A Century 


1840 South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this page for handy “rough reference”, 











and other applications. The end_pro- 
ducts are computer machines, hearing 
aids, washing machines, radios, tele- 
phones, amplifiers, TV sets, counter 
mechanisms, timers, relays, actuators, 
among others. Gries Reproducer Corp., 
400 Beechwood Ave., New Rochelle. 
Ny. 
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NEW Precision in a Small Package relay, filter, delay and video circuits 


MINIATURIZED SERIES OF 
LOCKING INSERTS 


Miniaturized series of _ self-locking 
wire thread inserts was designed to 
reduce the space and weight limita- 
tions of handling fastener problems 
on electronic, aviation, machine tool 
and instrument assemblies. They are 
especially useful for solving fastening 
problems in miniature subassemblies 
where clearance or inaccessibility does 
not permit use of external locking 
devices. 

The 4-40 series eliminates the need 
for lock washers, lock nuts and locking 
wires with an integral gripping coil. 


...1f your Precision Snap Switch 
must have Multi-Circuit: 


Excellent Repeatability High Shock Resistance 


Low Operating Force Built-In Overtravel 
Small Movement Differential Virtually “‘Bounceless” Operation 


Precision performance and outstanding contact life are features 
of the new TyniSwitch. Smaller than other snap switches of equal 


rating, itis 1% inches long, % inches thick, and % of an inch wide. 

Fully enclosed and extremely compact, TyniSwitch is of the Say aie ar eo cans 
simplest design. Force and movement are held to very close | locked screw may be readily freed. 
tolerances, and the patented blade design produces a fast and | Because the Screw-Lock insert re- 
positive snap-action that is virtually “bounceless.” quires no more boss diameter or wall 

thickness than a conventional tapped 

TyniSwitch is available in many basic types, and with operating thread, it can easily be incorporated 
forces from 3 oz. to 12 oz. in pin operated models. into an otherwise frozen design. Made 

of precision formed stainless _ steel, 

insert can be used to provide strong, 

| permanent, wear-resistant threads in 

U. L. listed 15 Amp. 125-250 V., light metals, plastics, steel and cast 

14 hp. 125-250 V. AC. | iron. The 4-40 is dimensionally stable 

" | over a wide temperature range. Shelter 

Contractual approvals for U.S. Gov't. applications Rock Lane Heli-Coil Corp., Danbury, 
Conn. 
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Bulletin 263 gives basic data and de- 
scribes the designs available. Write for 


your copy today. | SELF-BONDING 
POLYETHYLENE BASED 


__ | ELECTRICAL TAPE 
DETROIT CONTROLS ZO | Operating temperature ranges from 85 


5900 Trumbull Avenue CORPORATION : f : — : 
ete: Gees «anaes onc de ie aon to —55 C are offered by improved Bi- 


Division of American-Standard Seal electrical tape, Type 2A. The tape 
can be applied easily, even under ex- 
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MODEL 10-D 

RATED MAXIMUM CURRENT.. 40 ma 
NATURAL FREQUENCY 0 
LINEAR STROKE 
WEIGHT 

OUTPUT FORCE 





600 cps 





0.008 in. (with 20 ma input) 








These high-performance electro-mechanical tranducers are 
being utilized in hundreds of applications where a few 
watts of power are used to control linearly forces 

up to 8 pounds. . . . their completely impregnated and 
incapsulated coils allow usage in high humidities or 
immersion in hydrocarbons. Additional information 

for adapting these torque motors to specific 
requirements available on request. 


oe ree 
insTtTRUMERBT S 


41ST AND SHERIDAN / TULSA, OKLAHOMA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


MODEL 9 
RATED MAXIMUM CURRENT 


NATURAL FREQUENCY ... 
LINEAR STROKE 


40 ma 


425 cps 


0.015 in. 





(with 20 ma input) 





WEIGHT 21 ors. 


OUTPUT FORCE 7.5 Ibs. (with 40 ma input) 


MODEL 11 
RATED MAXIMUM CURRENT. 40 ma 
_ NATURAL FREQUENCY .. 

7 ~ LINEAR STROKE... 
WET 


OUTPUT FORCE 





300 cps 
0. 008 in. (with 20 ma input) 


.... 14 ozs 


45 \bs. (with 40 ma input) 


. THREE MIDWESTERN 


- PUDUUE 
TOWOnS 


for actuation and transducing 





Discover the advantages of GLASTIC ! 


et itay 


GLASTIC Class B electrical insulation can 
save you up to 70% of fabrication costs 


Expensive drilling and sawing, necessary with phenolic laminates, 
is eliminated by specifying Glastic. Even in thicknesses above 4", 
Glastic Grade TS—as well as the other standard Glastic grades— 
may be sheared and punched “cold” without danger of delami- 
nation, cracking or hole-breakout. 


The Glastic engineering staff is ready to help you investigate the 
fabrication savings you may make by specifying Glastic fiber 
glass reinforced polyester laminates Tell us your requirements; 
we'll send free samples for your evaluation. Or write for our new 
chart that lists 28 physical, thermal and electrical properties of 
11 standard Glastic grades. 


Class B Insulation SSS at Class A Prices 


THE GLASTIC CORPORATION 


4321 Glenridge Road Cleveland 21, Ohio 


Brie 
"Laminates « Fabricated Parts « Custom Molding « Extruded Shapes 


tremely low temperatures, without 
stiffening or shattering. It fuses into a 
homogenous, water-tight seal. 

Bi-Seal’s characteristics are said to 
make it virtually non-absorbent, self- 
bonding, and fusing into a solid mass. 
The tape conforms to complex shapes 
and has high dielectric strength. 
Bishop Manufacturing Corp., 10 Can- 
field Road, Cedar Grove, N. J. 
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ENCAPSULATED MINIATUR- 
IZED ROTARY SELECTOR 
SWITCH 


Multiple switching functions in com- 
pact form are provided by Series BHM 
‘POTPOT” encapsulated switch. Units 
have color-coded leads. 

Series BHM “POTPOT” encapsu- 
lated switches are rated at 50 ma at 
300 volts a-c or d-c, and 500 ma at 
30 volts, a-c or d-c. Entire switch is 


encapsulated with the exceptien of 
bushing and shaft. Body diameter is 
29/32 in. body length 1-¥g in. max. 

Manufactured to meet salt spray, 
humidity, sand and dust, and fungus 
resistance, the switch is said to satisfy 
MIL-E-5272A and MIL-STD-02. Mois- 
ture seal is provided between bushing 
and shaft, and on bushing mounting 
surface; it is encapsulated in a high 
dielectric plastics compound. 

Available in SP 12 positions; two 
poles 6 positions; three pole 4 posi- 
tions; 4 pole 3 positions, and in either 
shorting or non-shorting contacts. 
Switches are said to meet or exceed 
test paragraph 4.5.3 thru 4.5.13. of 
MIL-S-3786. Clarostat Mfg. Co., Inc., 
Dover, New Hampshire. 
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TRANSISTORIZED PLUG-IN 
COUNTING CIRCUITS 


Subminiature, transistorized plug-in 
counting circuits are available in two 
basic types: plug-in P and C Series, 
subminiature cartridge configuration. 
The former, a plug-in package, fits 
standard 7-pin miniature socket and 
can be conveniently retained with a 
standard tube shield. The C Series cart- 
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ridge, a rectangular flat configuration 
for permanent installations, features 
high space density stacking and mini- 
ature styling. 

A feature of the new series is em- 
bedment in a tough, mica-filled, thermo- 
setting epoxy resin, resulting in maxi- 
mum high and low temperature per- 
formance. Circuits set in this resin 
construction are virtually impervious to 
shock, moisture, vibration and other 
environmental hazard. 

Advantage is simplicity of hookup, 
which has trade-marked maker’s plug- 
in vacuum tube circuits. Manufacturer 
outlines steps as merely connecting 
power, ground and signal lead (mostly 
straight bus connections), after which 
circuit networks are ready to perform 
without external intercoupling com- 
ponents. The Walkirt Co., 141 W. Hazel 

Inglewood, Calif. 
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RESIN-TRANSPARENTIZED 
TRACING PAPER 


Resin-transparentized, 100 per cent rag 
content tracing paper offers very high 
translucency. Visi-Vel provides a_bal- 
ance of visual opacity and _ transpar- 
ency to assure easy visibility of draw- 


~~ 


~* 


= 
wr 


ing surface and line when making 
original drawings, and excellent visi- 
bility of underlying image when mak- 
ing tracings. 

The tracing paper accepts pencil 
hardness up to 9H without tearing or 
puncturing; areas can be cleanly 
erased and re-erased repeatedly with- 
out damaging its drawing qualities. 
This paper withstands heavy handling 
in drawing, reproduction, and _ filing 
because of its exceptional inherent 
strength. 

Drawings made on this paper can 
be filed indefinitely without deteriora- 
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Discover the advantages of GLASTIC | 


eC mb Rta 
Sid 


GLASTIC Class B electrical insulation offers 
material savings, product improvement 


Save the cost of excessive thicknesses of phenolic laminates! 
Glastic Grade TS—as well as the 10 other standard Glastic grades 
—offers up to 20 times the impact strength of phenolic laminates. 
This high impact strength allows the use of thinner sections while 
still providing a higher factor of safety. Thinner sections mean 
outstanding material-cost savings. 


The Glastic engineering staff is ready to help you investigate the 
savings and product-improvement you may make by specifying 
Glastic fiber glass reinforced polyester laminates. Tell us your 
requirements; we'll send free samples for your evaluation. Or write 
for our new chart that lists 28 physical, thermal and electrical 
properties of 11 standard Glastic grades. 


~ > 
Class B Insulation SS at Class A Prices 


THE GLASTIC CORPORATION 


4321 Glenridge Road Cleveland 21, Ohio 
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EXPAND YOUR 
PORTABLE TV 
SALES 


INVERTERS 


for changing your storage 
battery current to 
A.C. HOUSEHOLD ELECTRICITY G 


Ss 
Anywhere is 


in your own car! ¢ 
=~ Swe 


ENJOY TV IN 
CAR, Boat or Plane 


mounted out of sight under 
dash or in trunk 
compartment! 


ATR INVERTERS 


especially designed for operating 
standard 110 volt A.C. portable TV sets 


e@ TAPE RECORDERS 
@ WIRE RECORDERS 
for 


@ DICTATING MACHINES 
@ ELECTRIC RAZORS 


EXECUTIVES 
SALESMEN 
PUBLIC OFFICIALS 
POLICEMEN 


OUTDOOR MEN 
REPORTERS 

FIELD INSPECTORS 
DOCTORS 


| 
| 
| 
| 
| 
| 
| 
also | 
| 
| 
| 
| 
| 
| 


FIREMEN LAWYERS, ETC. 


| See your jobber or unite factory | 


\/WEW MODELS ~NEW DESIGNS + NEW LITERATURE | 
“A” Battery Eliminators, DC-AC Inverters, Auto Radio Vibrators | 


AMERICAN TeLevision & Ravio Co. 


Quality Products Since 1931 
SAINT PAUL 1, MINNESOTA, U.S. A. 


the 
become 
age. Oil-free, 
resistant to 
ivailable in 


tion of drawing. This paper will 
brittle or discolor with 
leach-free, odor-free and | 
ghosting, this paper is| 
three thicknesses—thin, | 
medium, and heavy. Charles Bruning 
Co. Inc., 4700 West Montrose Ave., 
Chicago 41, Il. 
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FRONT-MOUNTING FASTENER | 
FOR APPLIANCES 


[win U-Type Speed Clip has been de- 
veloped for the attachment of electrical 
wiring on household appliances, elec- 
equipment and other products. | 
Employing maker’s heel-and-toe princi- 
ple of self-retention, the 
is front-mounting and 


tronic 


new fastener 
eliminates the 
need for nuts. bolts or auxiliary fasten- 
ing devices 

Useful in hard-to-reach locations, the ; 
clip’s spring steel “toe” is merely in- | 
serted into a mounting hole in a panel 


and with slight finger pressure down 
and forward the clip snaps into wire- 
Electrical 

twin spring 
fingers. can be removed for servicing or 
replacement without detaching the clip. 
Embossed the and wire- 
retaining portions of the clip provide 
added gripping 
powe! The clip’s edges are rounded to 


receiving wires, 


firmly 


position. 


secured by steel 


ribs in base 


rigidity and extra 


prevent chafing and wire in- | 


Products, Ine., 
Cleveland 1, Ohio. 
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wear on 
sulation. Tinnerman 
Box 6688. Dept 12, 

Circle 


TRANSISTORIZED DC 
AMPLIFIER 


General-purpose. chopper-stabilized 
Model WN is a completely tran- 
sistorized d-c amplifier. 
Model WN is actually a 
of four separate amplifiers, 
tributing to the 
of the input signal. Two of these act 
as power supplies, producing an ac- 
curate plus or minus 2 
The 


is completely 


unit. 


package 
each con- 


precise amplification 


units 
earth | 


power transformer in these 


isolated from 


5-volt potential. | 


ELECTRONIC 
PRODUCTION 


DANO COILS 
Answer! - 


Day after day, year after 
year, Dano has been continu- 
ously answering production’s 
call for coils to customer 
specifications . . . 


“Can you make a series of specially 
treated coils to these specifica- 
tions 


“We need a quantity of vacuum 
impregnated coils to our detailed 
specifications enclosed . . .” 


“Enclosed is our order for 10,000 
coils to be made to our high tem 
perature specifications .. .” 


“Our production department must 
have encapsulated coils for a new 
electrical device . . . Please quote 
per enclosed blueprint . . .” 


Each a different coil require- 
ment .. . and each answered 
by Dano with the exact tvpe 
of coil needed. 


If you need coils, try Dano for Bobbin, 
Form Wound, Paper Interleave, High 
Temp. and Encapsulated Coils 


Also, Transformers Made To Order. 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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“ALIN CA 


ELECTRICAL 


pP 


| 
NORTH CHICAGO, ILLINOJIS, U.S.A. 
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ground, allowing the entire Model WN 
package to “float” relative to ground. 


The signal itself passes through two 
amplifiers, one an a-c unit that ampli- 
fies the chopped signal, the second 


| : ae 
: : a d-c unit that takes the signal after 
L , — it has been demodulated and filtered. 
. ee ae \ plug-in “can” of precision resistors 
; { : ae permits rapid, foolproof change in net 
j _* * . 


amplification ratio. Elimination of vac- 
uum tubes in all four amplifiers means 
that the Model WN is completely free 
from microphonics. Beckman Instru- 
ments Inc., Data & Control Systems 
Dept., 325 North Muller Ave., Anaheim, 
Calif. 
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Torque 


MO 3 Q 
pyeenanneeniindl a —— : MOMENTARY-CONTACT 


SWITCH EXCEEDS 20 
4 When your fractional H.P. motors must meet specific stand- MILLION CYCLES IN TEST 


ards, Chatillon TEE RT iKa Testers and Dynamometers Momentary-contact switch, which has 
are the answer. a normal life under pilot load in ex- 
cess of 20 million cycles, is desig- 
nated No. 100 switch which has a 
these compact bench models. full range of adaptability. 

Rating of the normally “off” switch 
is 15 amp, 125 or 250 volts, 1 hp, 
Ranges Power Dissipation 120 or 240 volts a-c. D-c rating is 1 

l” ounce to 320” lbs. Continuous O4HP to .2HP 
we el hs .O4HP to .4HP 
Bae ibiiiess .LJ6HP to .BHP 


Torque Accuracy 
vA of Lo oo 8 a ray LY ray ave load 


depending on capacities. 


Pei Cae 
You can now test your motors to 14 of 1% of load with 


a liak of these machines include: 


Capacities 
SO URUOON tay 


Tachometer Accuracy 
1“c of full scale. 


Thermostatically Protected 
against overheating. 


Interchangeable Springs 

of Chatillon Iso-Elastic Temperature- 

eer mercer p 

s of Running Torque Testers and Dynamometers are available amp, 125 volts; 1% amp, 250 volts. 

ties—engineered and designed for precision accuracy in hun- Applications: clothes dryers, clothes 
washers, vending machines, punch 
presses and other machinery, where it 
may be used either as an actuating 

or safety-limit switch. 
Available are four models, vibration 
85 CLIFF STREET, NEW YORK, N. Y. and dustproof in a molded phenolic 
me f Precision Springs and Force Measuring Instruments Since 1835 | case and designed for easy installation. 
Available are screw terminals, solder- 
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TOTALLY ENCLOSED .NON-VENTILATED 


new REULAND precision motors ror MACHINE TOOLS 


Designed especially for 
machine tool manufacturers 


Reuland precision motors were developed 
only after giving a lot of careful thought 
to the problems of the machine tool indus- 
try. They are not just another line of 
motors that can be ‘made to fit,” but 
rather, a complete new type especially 
made for machine tool manufacturers. 

They are available in T.E.N.V. and 
T.E.F.C. types. Small, compact and fea- 
turing the very latest in lightweight mate- 
rials. 

For good looks and precision operating 
characteristics, there is nothing on the 
market to equal these jewel-like units. 


Precision balance 


Reuland motors are built to precise speci- 
fications like a fine tool. Each unit is 
dynamically balanced at the factory to 
assure vibrationless operation. 


Use these other 
free Reuland Services 


® 


TOTALLY ENCLOSED FAN COOLED 


MOST BEAUTIFUL MOTORS IN ALL THE WORLD... 


Heavy-duty ball bearings, located at 
each side of the rotor, assist in maintain- 
ing this characteristic which is so vital to 
precise work. Exact tolerances are like- 
wise maintained throughout final assem- 
bly. 


Low inertia rotor 


The radial air gap design of these motors 
permits the use of a lighter weight, low 
inertia rotor. This light weight, low iner- 
tia feature assures smooth starts and quick 
stops. 

This rotor is also of a special narrow 
design which has shortened up the over- 
all length of the motor to give a thinner, 
“wafer” effect. 


Smooth-finished castings 
— pleasing lines 


The smoothly finished surfaces of Reu- 
land machine tool motors are a match for 


Special-Motor Library 

on’t ever pay for special-motor 
development costs before you 
check this free library. Contains 
valuable data on hundreds of 
unique, specially designed 
motors. Send for free “how to 
use” booklet. 


REULAND MOTOR 


the most expensive tool. All castings are 
specially processed for smoothness and 
are given a baked enamel finish. 

This fine-quality finish, together with 
the motors’ naturally pleasing lines, assure 
a harmonious blend with the lines of 
every machine tool on which they are 
mounted. (When desired, the motor’s 
frame size can even be varied to fit an 
exact contour of the machine.) 


Other Reuland firsts! 


Motor with internal fluid coupling 

. Spline-coupled hydraulic pump motor 

. Foot-mounted disc type magnetic 
brake with self-contained bearings 
and shaft 

4. “Through-Shaft” magnetic disc brakes 
. Slip Ring motors in small #66 frames 


1. 
2 
2 
2 


. All-aluminum motor frames 
. “Xpandable” motor design 


Standard Motor Catalog 
Contains engineering informa- 
tion on Reuland’s complete line 
of standard motors and motore- 
ducers. Sent free on request. 


REULAND ELECTRIC COMPANY 


Western Division: Alhambra 84, California 
Eastern Division: Howell 84, Michigan 


Distributors in all principal cities 
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for Military Applications 


Sma l le YT “en, 


4 


than a "ony, . 


a 
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Postage 
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SERIES “ME” 
SOLENOIDS 
These solenoids were developed for a military 
application requiring optimum performance in a 
very minimum amount of space. The pull force requirements called 
for a solenoid in a standard category of at least twice the 
size that was available for this application. Our engineer- 
ing department, using special materials and design techniques, 
developed this new series of sub-miniature solenoids. 


® Small in size but big in performance. 
© Average size 2” dia. x 2” long. 
© D.C. operation only. 
© Sealed pull up to one pound—intermittent duty. 
® Designed primarily for militory applications. ~ =~ __ 
© Will operate under severe conditions of om... 


shock and vibration. Rta 
7 , 


- 
anderson controls, inc. 
General Offices: 2777 Mannheim Road 


‘en 
; 
We invite your inquiry 
Send for NEW Catalog TODAY! 
SOLENOIDS * COILS * ELECTRICAL COMPONENTS 


Ca 
_— 


Phone: VAnderbilt 4-3147 Factories: Des Plaines, Ill. & Woodstock, Ill. 


eT dle rr ty 


ing lugs, speed connectors and wire 
leads. McGill Manufacturing Co., Elec- 
trical Division, 909 N. Lafayette St., 
Valparaiso, Ind. 


Circle No. 51 on Reader-Service Cards 
preceding back cover 


SUBMINIATURE RELAY FOR 
HIGH SHOCK AND 
VIBRATION APPLICATIONS 


New MH] Relay, has a vibration rating 
of 10-55 eps at 0.125 in. double-ampli- 
tude, 55-2000 cps at 20 g. It is available 
in both 4- and 6-pole, double-throw 
combinations. 

Specifications include: low level up 
to 2 amp noninductive or 1 amp induc 


1 ckcets 4 
~~ = 


tive at 29 volts d-c or 115 volts a-e: 
Coil (MHJ-12D) 26.5 volts d-c; 250 
ohms resistance; MHJ-18D, 26.5 volts 
d-c, 200 ohms resistance. 

Useful at altitudes up to 80,000 ft. 
the relay is designed for service from 

65 to 125 C. The relay is designed to 
meet test conditions of MIL-R-5757B, 
MIL-R-6106A and MIL-R-25018. Allied 
Control Company. Inc., 2 East End Ave 
New York, N. Y. 


Circle No. 52 on Reader-Service Cards 
preceding back cover 


DIE-CAST ZINC 
ALLOY CAP NUTS 


Line of die-cast zinc alloy “high series” 
cap nuts provides an improved means 
of covering exposed bolt ends of vary- 
ing lengths. Cap (acorn) nuts are 
particularly useful in protecting threads 


PER ONT 


ae 
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ee 
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PRODUCTS FOR INDUSTRY 


VULCAMIZED FIBRE 


Pat ke 


bet as 


ete) 


SPAULDING FIBRE BOARD 


ee) ee 


Pret IiS@erUlitl ly 
ets Tia 


x 


SPAULDING 
BRANCH SALES OFFICES 


ATLANTA 7, GA 
1250 South Oxford Rd., N.E 


BALTIMORE 18, MD 
2104 North Charles St 


BERKELEY 9, CALIF. 
1780 Shattuck Ave 
BOSTON 16, MASS 
585 Boylston Street 
Boston Area 


WELLESLEY HILLS 82, MASS. 
44 Washington Street 


BRIDGEPORT 6, CONN. 
2626 Main Street 


CAMDEN 1, N. J. 

227 South Sixth Street 
CHICAGO 34, ILL 

7644 West Belmont Avenue 


CHICAGO 25, ILL 
4770 Lincoln Avenue 


CHICAGO 38, ILL. 
5604 West 63rd Street 
Chicago Area 
BERWYN, ILL. 
3247 Grove Avenue 


CLEVELAND 20, OHIO 
3494 Lee Road 


CLEVELAND 16, OHIO 
19035 Detroit Rd., Rocky River 


DAYTON 2, OHIO 
136 So. Ludiow Street 


DETROIT 1, MICH. 
4612 Woodword Avenue 


FORT WAYNE 6, IND 
2301 Fairfield Avenue 
LANSING 10, MICH. 
2021 South Cedar Street 
LONG ISLAND, N. Y. 


90-34 Jamaica Avenue 
Woodhaven 21 


LOS ANGELES 15, CALIF. 
1325 San Julian Street 

MILWAUKEE 8, WIS. 
3329 West Vliet Street 

Newark, N. J. Area: 
WESTFIELD, N. J. 

101 Central Avenue 
NEW YORK 55, NEW YORK 
384 East 149th Street 

ST. LOUIS 5, MO. 
7247 Olive Street Road 
ST. LOUIS 17, MO. 
1500 Big Bend Bivd. 
SYRACUSE 3, N. Y. 
1206 East Water Street 
TONAWANDA, N. Y. 
310 Wheeler Street 
TORONTO, ONT. 
106 Lakeshore Road, E. 
Port Credit, Ont. 
it ONDON, ENGLAND 
Spaulding's LTD. 
40 Gloucester Way 
Clerkenwell, London E.C. 1 
PARIS, FRANCE 
la Fibre Vulcanisee—Spaulding 
27 Rue Vincent Compoint 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


BRAND NEW 
42-PAGE 
SPAULDING 
HANDBOOK 


X 


AN IDEA BOOK, pyying 


guide and technical manual rolled into 
one. Especially valuable as a reference for 
Design Engineers, Draftsmen and Buyers of 
machine parts. 


INCLUDES... 


Tables of Physical Properties 

Charts for determining dimensional changes 

List of applications classified by industries 
Illustrations and descriptions of typical applica- 
tions classified as to combinations of properties 
Forming and Fabricating information 

Specific Information for Engineers and Draftsmen 
Grade selection charts 

... and a wealth of other useful information. 


MAIL COUPON TODAY 


or Contact the Spaulding Office 
nearest you 


SPAULDING FIBRE CO., INC. 
310 Wheeler Street 
Tonawanda, New York 


Please send me by return mail my free copy 
of your new 42-page Handbook. 


Nome 
Title 
Firm Name 


Address 








Electro Proximity Pickup speeds 
Signode strapping operation 25% 


“Simple and foolproof” . . . says Signode Design En- 
gineer O. Sterner of Electro’s Proximity Pickup System. 
The tiny %” x 1%” Electro Pickup “senses” the lead- 
ing edge of steel strapping, then signals the Electro 
Control Unit to stop the feed motor at the correct 
length. Entire operation is automatic and without 
physical contact. Result: No under- or over-feeds; no 
downtime for mechanical adjustments. 


Other Proximity Pickup uses include 
counting, batching, recording. 


ELECTRO 
Siedcamrouas PRODUCTS 
LABORATORIES 


Canada: 4501-M North Ravenswood Ave. 
Atlas Radio Ltd., Toronto Chicago 40, Illinois 


Engineers who know 


A-27 SUPERFINE 


i LOSS 7 gh 


extremely lo 
Fy ty eh TR ELE 
tion to VHF and UHF 
ork noisture, provides 
iotes stability 


iy 


PL katt 


COMMUNICATION PRODUCTS ae Saat 


MARLBORO, NEW JERSEY — Telephor FReehold 8-1880 


h: 120 SANTA BARBARA ST., SANTA BARBARA, CAL 





because they also give the assembly 
a neat appearance. 

These corrosion-resistant cap nuts, 
which provide excellent thread depth, 
are available as a stock item. The 
deeper thread is achieved by an in- 
crease in the overall height of the 
cap nut, well proportioned between 
the heaxgonal section and the dome 
of the fastener. Previously available 
industrially only on special order, the 
cap nuts can be ordered in a com- 
plete range of hex sizes from 5/16 
to 5/8 in. Class 2 threads (NC or NF) 
are tapped square with the face, and 
counterbored. Nuts are free from burrs 
and cutoff marks, and require no fur- 
ther processing for most commercial 
applications. Gries Reproducer Corp., 
149 Beechwood Ave., New Rohcelle, 
nN. ee 

Circle No. 53 on Reader-Service Cards 
preceding back cover 


AIR CYLINDER FOR HEAVY- 
DUTY SERVICE 


New cylinders are designed and built 
to give long life under severe candi- 
tions and to facilitate maintenance 
with simple tools. 

Capsule type gland of alloy steel 
is designed especially for heavy duty 
service and has long rod guide and 
independently adjustable “V” rod pack- 
ing. Bronze rod wiper ring prevents 
foreign material from entering the 
cylinder. 

Cylinder heads are cut from steel 
plate. Heads, steel cleveses and steel 
pistons are cadmium-plated. Another 


construction feature: low friction im- 
pregnated leather cups; also, piston 
rods ground and precision honed, hard 
chrome plated. 

Operating pressures: 150 psi on air 
and 500 psi in hydraulic service. Six 
tie rod cage protects cylinder barrel 
in rough service. Cylinders are avail- 
able in strokes up to 18 ft, from 3 
in. through 8 in. bore with a wide 
choice of piston rod sizes. Densmore 
Engineering Co., Inc., 235 East Green- 
leaf St., Compton, Calif. 


Circle No. 54 on Reader-Service Cards 
preceding back cover 


PLATISOL SPRAY FINISH 


Series of sprayable plastisol finishes, 
developed for electrical appliances, 
housings, cabinets, and accessories, can 
be applied to any metal surface by 
standard spray finishing apparatus. 


JUNE 1957 ELECTRICAL MANUFACTURING 





JUST 5% OUNCES BUT IT KEEPS 


SG 
: - 
ae 
—— 
Nt ea 
—— 
[S== 
—————— 


WESTINGHOUSE SILICON RECTI- 
FIER WN-5082, modified as shown, 
with maximum peak inverse voltage 
ratings of 50-400 v (300 to 5000 am- 
peres in bridge assemblies). 


A HUGE GUIDED MISSILE 
“ON TARGET” 


Westinghouse SILICON” RECTIFIERS add 
striking power to U.S. Air Force 


THE SNARK—America’s first intercontinental pilotless missile 
cruises at fighter speeds—has a 5,000 mile-plus range. 74 feet long 
with warhead, its flight must be accurate—components and equip- 
ment must not fail. 


Electronic equipment guides The Snark. . . failure-free performance 
is a must even under stresses and strains of severe shocks, vibration 
and excessive heat. Component size and weight has been drastically 
reduced—without sacrificing operational efficiency. 


WESTINGHOUSE SILICON RECTIFIERS supply the DC 
power. Reliable yet smaller and lighter transformer-rectifier units 
were specially designed to convert 400-cycle three-phase AC power 
into 28 volts DC power. Regulated units use 12-phase self-saturating 


you CAN BE SURE...1F ITS 


Westinghouse 


READER INQUIRY SERVICE CARDS, PRECEDING B4CK COVER 


magnetic amplifiers to regulate voltage supplied to the silicon 
rectifiers. In this application, WN-5082 diodes are used. 


Learn how new Westinghouse Silicon Diodes can provide greater 
reliability, higher efficiency, and save space and weight in your 
application. Fill in the coupon today. 


{SRS Ee eee ee eee eee eee 
WESTINGHOUSE ELECTRIC CORPORATION 

Box 868, Pittsburgh 30, Pa. 

Please send me data on the new Westinghouse WN-5082 Silicon Diode. 


Please send me data on other Westinghouse Silicon Diodes. 


Describe 
types or applications 








Name 

Te igrtientprinsmiceenienneemnenisiiniaegs 
Address 

City 


Firm 


State. 


Zone 
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O31" MINIMUM 
LINE WIDTH 
ee 


gsi" 


MINIMUM 


SPACING 
RECOMMENDED 


-O0O1S" MINIMUM CU 
WALL IN PLATED HOLES 


SUFFICIENT FOIL 
AROUND HOLES 


AT PHOTOCIRCUITS CORPORATION 
WE ARE GEARED TO THE FIXED IDEA THAT 


DEIR 


(We give you 
assistance FREE) 


(Our quality control system 
invites your inspection) 


a UES 


(This we guarantee!) 


SOME OF THE AREAS in which exacting control and in-process inspection are applied follow: 


1) Master Drawing through printing: 


(a) Best camera and photo composing equip- 
ment available to the industry. 


(b) Extensive use of plate glass photographic 
masters instead of film to avoid dimensional 
change caused by temperature and humidity 
changes. 

Temperature and humidity controlled print- 
ing areas. 

All printing operations checked with glass 
masters for maximum accuracy. 


Name 
Company 
Address 
City 


Seated os g 


eRe. OS a 3 5 8 @ 
Dept. EM-6 GLEN COVE, NEW YORK 


2) Plating and Etching 
(a) Control laboratory checks solutions daily. 


(b) Ease of solderability assured by maintaining 
chemical cleanliness and plating purity. 

(c) Daily humidity chamber testing to insure 
against contamination of base materials — 
both electrical and chemical inspections are 
performed. 


Plated holes are sectioned and photo-micro- 


graphed to insure adequate plating thickness | 


and continuity 


e 


GLen Cove 4-8000 
FLushing 7-8100 
Cable: PHOCIRCO 


Please send me your NEW Bulletin P-9b on “Standard 
Printed Circuit Tolerances.” 


Zone State 


HOUSTON 1, TEX. * 
DAYTON « KANSAS CITY, MO. + 


250 


LOS ANGELES 6 
CHARLOTTE, N.C. * 


¢ ATHERTON, CAL. »* 


ROCHESTER | 
DENVER 2 * 


SPOKANE 10 | 


basic compounds of the viny! 
coatings are available under the name 
of Tufkote. 

Flintlok 40 “locks” to any 
surface without need for a 
undercoat, and presents a flinty sur- 
face extremely resistant to abrasion. 

Grade 41 has the same character- 
istics but includes a suspension of 
fine metallic flakes that provides the 
sparkle of silver or the glitter of gold. 
These finishes and others in the series, 
are useful on industrial apparatus, ap- 
pliances, office machines and equip- 
ment, farm machinery, and all metal 
products. 

The Tufkote plastisol sprays pro- 
thicker, more cushiony coat 
in a variety of textures ranging from 
shiny or satin surfaces to pebble, 
wrinkle or leather grain. They can fill 
and cover pitted, or 


Two 


metal 
primer 


vide a 


rough, 
metal surfaces. 
Both Flintlobk and Tufkote vinyl 
spray finishes are unaffected by cold, 
heat, salt air and water, do not absorb 
moisture, and resist mildew and fun- 
gus. They are available in a complete 
which will not fade 
or discolor. Auburn Button Works, 
Inc., Chemical Div., Auburn, N.Y. 


Circle No. 55 on Reader-Service Cards 
preceding back cover 


porous 


range of colors 


SHIELDED WIRE SPLICES 
AND SHIELDED WIRE 
FERRULES 


Designed for 
splicing, one-piece Shielded Wire 
Splices and Shielded Wire Ferrules 
are the result of more than three and 
one half years of engineering research. 
The splice, shielded 


faster and compact 


between two 


wires, is made by crimping the con- 
nector on the end of each wire with 
a recommended hand crimping tool 
or appropriate power tooling. Ground- 
ing connections are made with the 
Shielded Wire Ferrule and_ similar 
tooling. 

Color coding of both the connector 
and tooling assures correct match of 
wire, splice and tooling. Splices and 
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A message to readers 
to whom this magazine 


is personally addressed 


OME readers of ELECTRICAL MANUFACTURING may be moving from 
one company or plant to another, from one department, division or laboratory 
of their present company to another; also some may be taking on new responsi- 
bilities involving a change in title or job function. 


Most such readers advise the publication promptly. For others, who may not 
have communicated such changes to the publisher, this card facility is provided. 
The ELECTRICAL MANUFACTURING Reader Service Department wants to 


make sure that future copies of the publication are addressed correctly to all read- 
ers, by name, title, department, section and location. 


Therefore if you have made any recent change or contemplate such changes 


in the immediate future, be sure to let Reader Service know by filling in and 
mailing the post card form below. 


ELECTRICAL MANUFACTURING: — - on 


Please change your records to provide for changes here noted. 


NOW FORMERLY 


Title or Functios Title or Function 
YOUR | 


CARD 








Company Company ° 


Section, Division, Department 








Section, Division, Department 










Address Address 















Principal electrically operated product designed, 


My Name (Please print) 
developed or manufactured at above address 





Are you @ part of the design engineering function of your company? 





() Yes ( Ne 





FIRST CLASS 
PERMIT NO. 45 
SEC. 34.9, P.L.&R. 
NEW YORK, N. Y. 









Need another copy? 





Some member of your de- 
sign engineering team, to 
whom ELECTRICAL 
MANUFACTURING is 
now routed, may wel- 
come the opportunity to 
get his own personally B. R. MESTER, Circulation Manager 
addressed copy of this 

ine. Why not call a. " 
ee ca tae Electrical Manufacturing 
sage on the reverse side ; 
of this page. 


BUSINESS REPLY CARD 


No Postage Stamp Necessary if Mailed in the United States 


; POSTAGE WILL BE PAID BY— 


1250 Sixth Avenue, NEW YORK 20, N. Y. 


A message to readers 
to whom this magazine 
is regularly routed 


7. HE rapid expansion of engineering departments and the increasing need for 
specialized technical information often results in a disproportionately large 
magazine routing list. This results in long waits for important information, receipt 
of mutilated or incomplete copies of issues of publications, and no opportunity to 
file issues. Pass-along readers of ELECTRICAL MANUFACTURING daily com- 
plain of these difficulties. 


If you are finding it inconvenient and impractical to wait your turn for a routed 
copy of ELECTRICAL MANUFACTURING, the publisher will be glad to con- 
sider an application for a personally addressed copy of the magazine. 


If you would wish the publisher to consider you for qualification as a primary 
reader, please provide the information requested in the postcard below. 


FIRST CLASS Policy governing 


PERMIT NO. 45 circulation of 
SEC. 34.9, P.L.&R. 


NEW YORK. N. Y. Electrical 


BUSINESS REPLY CARD MEV ccatieares 


No Postage Stamp Necessary if Mailed in the United States 


e To mail, without charge, a 


sufficient number of personally 


POSTAGE WILL BE PAID BY— 


addressed copies of ELECTRICAL 


MANUFACTURING so as to pro- 


B. R. MESTER, Circulation Manager 


vide, without waste, adequat« 


coverage among qualified per- 


Electrical Manufacturing 


sonnel in plants, laboratories and 
offices engaged in the design 


1250 Sixth Avenue. NEW YORK 20, N. Y. 


engineering of electrically oper- 


ated machines, appliances or 
equipment. 

The number of copies sent to 
each qualified company is deter- 
mined by the-extent of the pro- 


ELECTRICAL MANUFACTURING: = 


fessional or specialized interests 

I would like to request a personally addressed copy of ELecrricaL MANv- of the individual readers ad- 
FACTURING, monthly, without cost to me or my company. dressed; also the number of en- 
gineers devoting their time to 

design, engineering, research, 

testing or component specifica- 

tion involved in the development 


aaanenate of « lectrically operated products, 


ADDRESS 


Principal electrically operated product designed, developed or manufactured at above address 


Are you a part of the design engineering function of your company? [] Yes (1 No 


APPROXIMATE NUMBER OF ENGINEERS (DESIGN, DEVELOPMENT, RESEARCH WORKING IN MY 
IMMEDIATE AREA OF ACTIVITY. [J] Plant or Office () Dept. () Division [J Section [) Group 











Attention! All Users of Nickel Alloys... 
New Driver-Harris 
Vacuum Melting Service 
Now in Operation 





After many years of experience with vacuum cal and analytical control show improvement in 














melting programs, Driver-Harris now offers a one or more of the above ways. If you are seek- 
complete vacuum melting service for almost all ing further improvements in the D-H Alloys 
of the 132 special purpose alloys made by this you use, inquire now for information on how 
company. Driver-Harris Vacuum Melting Service can 

The specific benefits gained by vacuum melt- help you. Address your inquiry to Dept. VMS. 


ing in the production of nickel-chrome alloys 
are today clearly established. They are: 


1. Much closer control of analysis—particularly 
in alloying with the highly reactive elements, 
Titanium, Aluminum, Columbium, Calcium, 
and Zirconium. The normally high affinity for 
nitrogen and oxygen these elements have is com- 
pletely eliminated in vacuum melting, thereby 
opening new avenues in alloy production. 


@.. Great reduction in inclusions, especially 
oxides and nitrides, results in higher ductility 
and tensile properties. In fine wires, the im- 
provement in properties is frequently so great 
that wire sizes may be reduced without sacrifice Polished and etched sample of Air Melted 
of strength. An example of the greatly im- Pear, © ae nae COmnanre 
proved microstructure is illustrated in the 
metallographs shown. 



















3. Complete elimination of gas, not from the 
surface only but from the entire mass. Alloys so 
produced are therefore more desirable in the 
manufacture of electron tubes. 


4. General improvement in electronic, elec- 
trical, and mechanical properties to meet speci- 
fications. Because closer control of analysis is a 
primary advantage of vacuum melting, we can 
now achieve these specific improvements with 
remarkable certainty. 















Almost all of the Driver-Harris Alloys now Vacuum melted NICHROME V, annealed. Not 
vacuum melted and processed under close physi- that reduced inclusions result in much large r erain 
*T.M. Reg. U.S. Pat. Off. size for the same annealing treatment 





Drwer-Harrts HARRISON, NEW JERSEY 


COMPANY 
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Ferrules are color coded to confirm 
to RETMA standards. A rectangular 
center window in the connector assures 
positive wire depth in barrel and _in- 
spection ports at each end assure de- 
finite braid enclosure. AMP Ine., 2100 
Paxton Street Harrisburg 12, Pa. 


Circle No. 56, Reader Inquiry Service Cards 
preceding back cover 


& ¥ ¢ HIGH TEMPERATURE 
CONDUCTOR WIRE 
FOR 1500 F 


° ° High temperature conductor wire is 
ii A t dela rela said to have all the physical qualities 
as is ime y y of steel and the same conductivity and 
——— temperature coefficient as nickel wire. 
& 9 This new Calorel conductor wire is 
aroused such interest easily weldable by either flame or 
* ; 

resistance method 
Applications: wiring appliances, am- 
plifiers, resistors, and other units. Calo- 
rel wire is useful as an_ electrical 


May be ENERGIZED CONTINUOUSLY . . . does not 
require auxiliary lock-in circuits . . . a load car- 
rier in itself 

Snap-AcTION contact speed . . . up to DOUBLE- 
PoLre, DouBLe-THROW switching. 


SrmmMPLE HERMETICALLY-SEALED time element . . . conductor at temperatures up to 1500 
long life stability. Not subject to aging or fatigue. F. Basically pure iron, coated with 
Low Cost as a unit: even lower considering sim- special aluminum and aluminum-iron 
plified installation. alloy, the wire has approximately SIX 
- wees . . . ti ~s the sists ce f . Tr. 
The Name .. . Silic-O-Netic Time Delay Relay ou . ee ee 
... Meaninc: SILICone controlled, magNETIC ith low corrosion and oxidation 
flux variation characteristics. the conductor wire 
; ehieae er meets all the requirements for con- 
a NeW... > Type “A” Silic-O-Netic Relay on 
a a coo ee y duction under extreme heat conditions. 
Pr ee i Continental Wire Sales Co.. Walling 
ford, Conn. 
Circle No. 57, Reader Inquiry Service Cards 
STRAIGHT FACTS enutiinin Gale. amkee 


i 


Time Delays .. . from 14 to 120 seconds. 


Small size . . . Overall dimensions: 
246" x 2” x 1%" ... Weight 3 ozs. 


Operation . . . Hydraulic-magnetic principle MINIATURE SOLDERING 


Write for Bulletin T-5002 providing positive contact operation, good 


contact pressure IRON 


Contact capacity 3 amp. at 120 volts, Developed for 1 


ise with miniaturized 
AC (Non-inductive load) ...D.P.D.T 


equipment and printed circuitry, mini- 
ature soldering iron, weighs less than 


HEINEMANN CaaS 114 oz. Very small connections can be 


soldered inside equipment with a mini- 


BS mum of heat loss or damage to adjacent 
ELECTRIC COMPANY wiring, insulation, and terminals. Tiny 
99 Plum St., Trenton 2, N. J. tubular heater, located in the extreme 
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Pre-assembled Screw 
and Shakeproof® Lock Washer 


Even greater cost-savings are possible with Sems- 
by-Shakeproof through variations in threads, points, 
heads, and washers, or with the addition of sealing 
compound or special sleeves. 


You handle one unit instead of two or more with Sems-by-Shakeproof ® Every lock 
washer is factory-matched *Lost and forgotten washers eliminated ® Available 
in variety of screw and lock washer combinations, multiple-piece 


assemblies and with mastic sealants. 


Gend for Seme by Shakeproof sample kit today 


SHAKEPROOF 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin, Illinois « Offices In Principal Cities 
In Canada: SHAKEPROOF-FASTEX, Division of Canada Illinois Tools, Ltd., Toronto, Ontario 





here’s graphic PROOF of the 
HIGHER WATTS DENSITY 


in WATLOW 


FIRER@eP 


CARTRIDGE HEATERS 


] 





MAXIMUM TEMPERATURE 
OF PART TO BE HEATED 


iIREROD 


Pat. Pending 


Here, at last, is a cartridge that combines all the 
desirable advantages in one electric heating unit: 


@ HIGH WATT DENSITIES 


The same wattage in a unit 1/5th the size. Your equipment 
can be heated with less units or with smaller units. 


se HIGH TEMPERATURE POTENTIAL 


Prolonged heat applications to 1400°F.— and to 1600°F. and 
higher for short periods. 


@ LONGER CARTRIDGE LIFE 


Test units have been operated in open air at 90 watts per sq. 
inch at 1800°F for periods in excess of 720 continuous hours. 
Standard cartridge units have a life measured in minutes under 
this extreme breakdown test. 


Think of the new design flexibility — lots of heat 
in a small space. Units from %” to 12” long; %” 
and %” diameters. 


WRITE for informative new BULLETIN #360. 
Full of convincing facts and figures. 


SINCE 1922—DESIGNERS AND MANU- 
FACTURERS OF ELECTRIC HEATING UNITS 


1362 FERGUSON AVE. 


tip of the iron, develops a tip tempera- 
ture of 750 to 850 F. 

The tip is vacuum processed iron. 
highly resistant to harmful effects of 
tin and high temperatures. The tip and 
heater assembly can be changed in less 
than 30 sec. Rated at 6 volts, 12 watts. 
the device is available with 6-volt trans- 
former integral with a 6 ft. cordset 
or with cordset and terminals less trans- 
former. Tip is approximately 5/32 in 
in diam: the shank has a 1/8 in. diam 
Shanks are available in both 3- and 
6-in lengths. General Electric Co., In- 
dustrial Heating Dept., Schenectady 5, 
ee 

Circle No. 58, Reader Inquiry Service Cards 
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MINIATURE MAGNETIC 
PICKUP 


Midget magnetic pickup for use in 
aircraft and missiles generates elec- 
trical energy from mechanical motion 
without physical contact. Weighing 
about 4 gm, Model 3055 is a compact, 
sensitive transducer which translates 
the movement of ferrous objects into a 
variable and measurable a-c voltage. 

The output, proportionate to the 
rate of the object’s movement, provides 
an extremely accurate mechanical-elec- 


trical transfer of energy which can 
indicate motion, torque, rpm, vibra- 
tions; actuate electronic counters, syn- 
chronize machinery, control circuits, 
and provide data for telemetering mis- 
siles and aircraft. 

Heart of the pickup is an alnico 
magnet which energizes a pole device 
surrounded by a coil or wire. The 
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Component Specification: ARNOLD 


 SILECTRON CORES 
Types C, E and 0 


Y TOROIDAL CORES 


Nylon and Aluminum cased | 


YW BOBBIN CORES 


' 





The ARNOLD LINE-UP includes the TAPE CORES you need 


APPLICATIONS 


We'll welcome your inquiries on your 
Tape Wound Core requirements for 
Pulse and Power Transformers, 3-Phase 
Transformers, Magnetic Amplifiers, 
Current Transformers, Wide-Band 
Transformers, Non-Linear Retard Coils, 
Reactors, Coincident Current Matrix 
Systems, Static Magnetic Memory Ele- 
ments, Harmonic Generators, etc. 


ENGINEERING DATA 


For data on the various types of Arnold 
Tape Cores, write for these Bulletins: 


$C-107—Silectron Cores, Types C, E and O 


TC-101A—Toroidal Cores, nylon and aluminum 
cased 


TC-108—Bobbin Cores 


ADDRESS DEPT. EM-76 


COO e ee SSeS SEH SSSOSS SOSH SHSTHOSSSS HS SSHSOSSOHS ES SEOE® 


How to be sure of tape core perform- 
ance and uniformity? Just specify 
and use Arno/d Cores in your trans- 
former, magnetic amplifier, reactor 
and computer assemblies, etc. 

Here's why! 

To begin with, Arnold is a fully inte- 
grated company, controlling every man- 
ufacturing step from the raw material to 
the finished core. Then, modern testing 
equipment permits 100% inspection of 
cores before shipment. Finally, you're 
matching your requirements against the 
most experienced and complete line of 
tape cores in the industry. Arnold pro- 
duces Types C, E and O Silectron cores, 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


nylon and aluminum cased toroidal cores, 
and bobbin cores to meet whatever your 
designs may require in tape thickness, 
material, core size or weight. Wide selec- 
tions of cores are carried in stock as 
standard items for quick delivery: both 
for engineering prototypes to reduce the 
need for special designs, and for produc- 
tion-quantity shipments to meet your 
immediate requirements. 

Let us help you solve your tape core 


problems. Check Arnold, too, for 


your needs in Mo-Permalloy or iron 
powder cores, and for cast or sin- 
tered permanent magnets made from 
Alnico or other materials. 


WSWw6447 











ELGIN 


announces the 


NEW ADVANCE 
GH 


Low Coat 


SERIES 


tilyer -olays 


... Open or plastic enclosed 


Elgin’s new GH series combines the high efficiency required of gen- 
eral purpose relays with low cost. Their midget size suits them for 


installations where space is a problem (see specifications below) . 
Open relays in 5 and 10 ampere ratings and clear plastic dust-tight 
enclosed 5 ampere relays are immediately available from stock. 
Specify dependable ELGIN performance . . . specify GH from your 
electronic parts distributor! 


SPECIFICATIONS 


GHA SERIES, 5 amp. open relay 


Contact rating, 5 amps. resistive, 2 amps. 
inductive at 115 volts AC or 26.5 volts DC. 
Contact material is fine silver, 1C,2C,3C 
arrangements only. Relay is 1.1” high, 
1.732” long and .937” wide. Contact ter- 
minals can be used as solder lugs or for 
printed circuitry. 


(Also available: GHB series, 10 amp, open 
relay.) 


GHP SERIES, 5 amp. clear plastic en 
closed relay. 


Dust-tight plug-in. Contact rating, 5 amps. 
resistive, 2 amps, inductive at 115 volts 
AC or 26.5 volts DC. Contact material is 
fine silver, available in 1C or 2C arrange- 
ments only. Enclosure is 2" x 1°) 
overall, 2%" overall length above chassis. 


“ 


NOMINAL POWER REQ.—DC relays, 1 
to 2 watts; AC relays, 2 to 3 volt amperes. 
NOMINAL VOLTAGE—DC relays, 6 to 
120 volts; AC relays, 6 to 220 volts. (On 
specification, DC voltage coil up to 220 
volts or AC voltage coil up to 440 volts 
can be supplied.) 

RESISTANCE — DC relays, 25 to 8,000 
ohms; AC relays, 4 to 5,000 ohms. 
PULL-IN CURRENT VALUES—7.2 Milli- 
amps max. at 2,500 ohms; 5.0 milliamps 
max. at 5,000 ohms. 

DUTY CYCLE—continuous. 
TEMPERATURE RANGE— —55 to 
+85 °C when specified. 

INSULATION RESISTANCE — 100 meg- 
ohms min. 

DIELECTRIC STRENGTH — standard: 500 
volts RMS. (When specified, 1,000 volts 
RMS can be met.) 

MAXIMUM WEIGHT—2 ounces. 


ELECTRONICS DIVISION 


ELGIN NATIONAL WATCH COMPANY 
2435 N. Naomi Street, Burbank, California 


pickup creates an extended magnetic 
field, which when interrupted or dis- 
torted by the movement of an external 
ferrous metal object, generates the a-c 
voltage. Operable in temperatures up 
to 250 F, the pickup has a 7/8 in. 
overall length and 1/4 in. diam. Six-in. 
output leads are provided. Mounting 
end of the pickup has been treaded to 
screw into a 1/4 in. 10 NFS tapped 
hole. 

Pickup assembly is mounted in a 
stainless steel body. Internal parts 
are imbedded in epoxy resin. Electro 
Products Laboratories, Inc., 4501 N. 
Ravenswood Ave., Chicago 40, Il. 


Circle No. 59, Reader Inquiry Service Cards 
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MIL SPEC POWER RESISTORS 
IN A COMPLETE SIZE RANGE 


Conforming to military specification 
Mil-R-26C for fixed wire-wound pow- 
er-type resistors, series of resistors of 
this type are available with character- 
istics G, V or Y and in three basic 
mounting types: stack mounting, tab 


terminal, and axial-lead types. Maxi- 
mum dissipation ratings range from 
2.5 to 210 watts. 

Featuring maker’s Vitrohm vitreous- 
enamel construction. the new resistors 
are suited to electronic and other ap- 
plications where exceptional stability 
and reliability are essential for equip- 
ment performance. Ward Leonard Elec- 
tric Co.. 34 South St.. Mount Vernon, 


mM. &s 


Circle No. 60, Reader Inquiry Service Cards 
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PERMANENT-SPLIT 
CAPACITOR MOTOR FOR 
BUSINESS MACHINE 
APPLICATIONS 


New 19-frame_ two-pole permanent- 
split capacitor motor (Type FL) rated 
either 440 or %o hp is designed pri- 
marily for small business machine ap- 
plications, such as calculators and add- 
ing machines. 

Operating on 115 or 230 volts, single 
phase, 50 or 60 cycle, the motor has 
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ENAMEL...Class A 105° C 


An oleo-resinous enamel, used primarily in ignition coils, re- 
lays, small transformers, radio and electronic coils and 
similar applications. 


FORMVAR...Class A 105° C 


A film composed of polyvinyl formal resins with good elec- 
trical and chemical qualities and exceptional adhesion, 
flexibility, toughness and abrasion resistance properties. 


Self-Bonding FORMVAR... 
Class A 105° C BONDEX 


A Formvar insulation with a “bonding” film added. All the 
desirable Formvar characteristics are retained plus the “self- 
bonding” of the coil wound wires. 


NYLON...Class A 105° C 


Comparable with Formvar, this polyamide insulation features 
self-fluxing properties; has an extremely smooth finish, and 
good electrical, chemical, and physical properties. 


FORMVAR-NYLON Combi- 


nations...Class A 105° C 
NYFORM* 


A Nylon film applied over a Formvar insulation gives these 
wires outstanding physical properties and is well suited to 
applications where pre-heating before dipping and baking 
is not practical. 


SOLDERABLE FILMS... 
Class A 105° C SODEREX 


These smooth red insulations with a modified isocyanate or 


Whatever your winding requirements, for prompt 
delivery of the exact wire and insulation . 
Essex! Essex ‘‘Extra Test’’ Magnet Wire is available 
in metal, fiber container (MAGNA-PAK)®, commercial 


. . look to 


reel or spool putups. 


polyurethane base have outstanding physical, chemical and 
electrical characteristics plus self-fluxing properties which 
permit hot solder connections without prior stripping. 


ENAMEL... Class B 130° C 
(Isonel) THERMALEX 


Constructed with a polyester, this insulation has a very long 
thermal age life and compares with Formvar in physical, 
chemical and electrical characteristics. 


SILICONE...Class H 180° C 


This insulation, constructed with a silicone base material and 
accommodating extreme temperature requirements, is modi- 
fied with other materials, insuring its physical, chemical and 
electrical properties. 


HERMETIC FILMS...Class B 
125° C ACRYLEX 


Based on acrylic resins, these insulations are excellent for 
hermetic applications. Their non-crazing, high cut-through, 
long heat age life and excellent solvent resistance indicate 
a bright future for hermetic applications. 


TEXTILE INSULATIONS... 
Class A, Class B, Class H 


Cotton, paper, fiber glass, nylon, silk or combinations of 
them, are applied over bare or film insulated magnet wires 
for various physical, chemical and electrical requirements. 


ROUND, SQUARE, REC- 
TANGULAR 


All types of the above wire, both bare, film insulated, and 
textile covered are available from Essex. 


WRITE TODAY... 
for new “Directory of 
Magnet Wire Types and 
Trade Names.” 


Dates TEST * 


ESSEX, MAGNET WIRE 


DIVISION ESSEX WIRE CORPORATION, Fort Wayne 6, Indiana 


MANUFACTURING PLANTS — Birmingham, Alabama; Anaheim, California; 
Fort Wayne, Indiana; Detroit, Michigan; Hillsdale, Michigan. 


SALES OFFICES AND WAREHOUSES* 
Dayton, Ohio Hartford, Conn. 
Detroit, Michigan Indianapolis, Ind. 
Fort Wayne, Indiana Kansas City, Mo. 
Fort Worth, Texas *Los Angeles, Calif. 


*Birmingham, Ala. 

*Chicago, Illinois 
Cleveland, Ohio 
Dallas, Texas 


Milwaukee, Wisc. 
*Newark, N. J. 
*Portland, Oregon 

Rochester, New York 


*Saint Louis, Mo. 

*San Francisco, Calif. 
Upper Darby 
(Philadelphia), Pa. 


Distributed nationally to the repair and maintenance 


industry through Insulation and 


Wires, Incorporated 
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Silastic covering on the lead wires of this 
transformer permit it to operate under adverse 
conditions, close to the load. Outdoor weather- 
ing, moisture, heat, or corrosive atmospheres 
do not injure insulation of Silastic. 


CH ASTIE insulation resists heat, wet, weathering 


Moist atmospheres and high temperatures have little 
effect on insulation of Silastic*, the Dow Corning silicone 
rubber. Silastic resists outdoor weathering, arcing, 
corona, and its dielectric properties are maintained from 

Get latest data on Silastic — 130 to 500 F. This ideal dielectric material finds 
extensive application in aviation wire, power supply, 

Mail coupon today and control cable and hook up wires. Contact the leading 
Wire manufacturers. 

Dow Corning Corporation, Dept. 4518 

Midland, Michigan 

Please send me latest data on Silastic 


Typical Properties of Silastic for Wire and Cables 


e Temperature range, °F —130 to 500 
e Tensile strength, psi 600 to 900 


1 
! 
' 
' 
! 
! 
' 
NAME e Elongation, % 150 to 300 
i 
' 
' 
; 
! 
' 





COMPANY 


e Insulation Resistance, megohms/1000 ft. 1000 to 3000 
e Dielectric strength, volts/mil 300 to 500 
e Dielectric Constant, 10? cycles per 

second, nominal 3.2 





ADDRESS 








If you consider ALL the properties of a silicone rubber, you'll specify SILASTIC. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 
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alt e 
NeW LEDEX 
a 


HERMETICALLY SEALED 


ROTARY SELECTOR SWITCHES 
AND STEPPING RELAYS 


a speed of 3200 rpm. It will run 
either clockwise or counterclockwise. 
and can be made reversible. In addition 
to its inherent thermal protection. the 
motor has other advantages: reduced 
maintenance due to absence of brushes 
and governors, and virtual elimination 
of radio and television interference. 
Small size makes motor applicable to 
present business machine designs. It 
has a 3 in. diam (2%, in. across the 
flats); length of the “4o0- and %4o-hp 
ratings is 44% and 5 in. respectively. 
The open, self-ventilated motor can 
be mounted rigidly, or provided with 
rubber rings for resilient mounting. A 
pinion that is integral with the shaft .. . @ mooe.| wo. | weapen'| A 
can be supplied. Bearings are of the ft A Pererens were 
self-aligning, oil-impregnated porous- 
bronze type. Rotors and end brackets 
are die-cast. Westinghouse Electric ee 10s %" 3%” 15K," | as” 
Corp., P.O. Box 2099, Pittsburgh 30. ; ee ; 
Pa. 
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45° 


*Circuits should allow for header pins 
to carry arc suppression items externally 


AUTOMATIC WHITEPRINTER THESE STANDARD HERMETICALLY SEALED ENCLOSURES ARE NOW AVAILABLE FOR LEDEX 


Automatic —-whiteprinting — machine. Hermetically sealed Ledex switches are moisture-proof, dust-proof 
—— ee at — up to and protected from the effects of salt-spray, fungus and humidity. 
of it Ipm anything typed, written. ° ; a 
drawn or photographed on reasonably Also, many of the hermetically sealed Ledex selectors qualify for 
translucent material. the requirements of MIL-E-5272A. Ledex selectors simplify installa- 
Exposure of sensitized material is 
accomplished by use of a heavy-duty d : 
4000-watt high-pressure mercury caused by tampering. 
lamp; dry development of prints by Many switching combinations are available with the standard 
ammonia vapors is instantaneous. Op- 
erator feeds tracing with sensitized : : : 
anal tide in eA EI ee a ments, send the salient facts of your special hermetically sealed 


tion problems, reduce wiring time to a minimum and prevent damage 


models, If the standard models do not answer your specific require- 


is automatic including printing, copy selector switch problem to us for our recommendations. 


7 , For best delivery specify one, ten or 
eateieieeeeeen ; fifteen pin headers. (Illustrated) 
celine 

‘ 


MK 
_ 


WRITE FOR COMPLETE 
tw c. INFORMATION TODAY! 


123 WEBSTER STREET, DAYTON 2, OHIO 


IN CANADA: MARSLAND ENGINEERING LTD., KITCHENER, ONTARIO 
IN EUROPE: NSF LTD., 31-32 ALFRED PLACE, LONDON, ENGLAND 
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Need Insulation 


eee LU 


HEAT RESISTANCE 8 


vite 


has 
it 


natural 


Insulating mica bridge for 
high-temperature electronic tube. 


Inert mineral, MICA, can re- 
tain HIGH dielectric proper- 
ties, strength, maintain form 
— even in half-micron thick- 
nesses — at temperatures and 
shock conditions far above the 
limit of other inorganic, 
organic insulation. 


And only FORD can shape 
and fabricate MICA into the 
precise form you need. Write 
for MICA BULLETIN and 
details. 


your 
PROBLEM ? 


... Discuss it with FORD 
MICA engineers, backed 
by 40-year-plus leader- 
ship in mica insulation 
precision-stamping and 
fabrication. 


Since 


Ars 


al iat a 


a6: ee 


536-540 63rd Street 
Brooklyn, N.Y GEdney 9-8300 


separation, development, print delivery 
and stacking. The original tracing or 
copy is automatically returned to the 
operator for additional feedings. Fin- 
ished prints are delivered stacked in 
original sequence in an adjustable 
tray. The C. F. Pease Co.. 3825 North 
Rockwell St.. Chicago 18, TIL. 
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MINIATURE PLUG-IN 
TRANSISTORIZED SERVO 
AMPLIFIER 


High-temperature, miniaturized, — her- 
metically-sealed, plug-in transistor ser- 
vo amplifier is primarily intended to 
receive signals from a synchro control 
transformer and to operate a size 15, 


100-cycle. 6.1 watt servo motor (Kear- 
fott Type R110-2) or equivalent. The 


amplifier is designed to exceed the 


environmental requirements of Speci- 
fication MIL-E-5400A. Size: 146 x 1™%46 
x 3'%4.6 high. Weight is 7 oz. 

Unit is designed to exceed require- 
ments of MIL-E-5400A (—55 to 100 C, 
intermittent rating to 125 C.) M. Ten 


Bosch. Inc... Pleasantville. N.Y. 
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Postcard return cards are 
provided preceding — back 
cover as a convenience to 
the reader in obtaining— 


New Components 

and Materials 
Additional data from the 
supplier of any item re 
viewed. 


Literature for the 

Design Engineer 
\ copy of any manu- 
facturers publication re- 
Vie wed. 


Feature Article Reprints 
Single « opies of se lected 
teature articles. 

Advertised Products 
More information on any 
product ol service de- 


scribed. 








for faster 
delivery 
and 
prompt 
(o>, service you 
can rely on 
TOLEDO 
commutators 


You get WHAT you order, 
and get it shipped 

TLY when you order 

oledo Commutotor 

—and no mistake obout 

it! Many sizes of 
commutators and 
collector rings are 
ovoilable for immediate 
shipment. Complete 
tooling facilities provide 
fast production of 


specia rders, too 


Whenever you want 
precision ono accuracy 
in @ commutator, call 
on Toledo Commutetor 
Repeatedly, Toledo 
has shown that it can 
produce better 
commutators at less 
cost than the 
manufacturer who 
attempts to build 


his own 


Write today for 
catalog #60. 


oes 1 BOARADABE. 
PROF OS OAS 

S55 HS GaSe ay 
Qa SOPH 


mT Tho 


commutator co. 
Owosso Michigan 
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Photomicrographs of plated strip demonstrate the greater degree of side-to- 
side uniformity made possible by Sylvania’s new strip plating process 
(right). Compare it to similar strip plated by ordinary processes (left). 


New process improves side-to-side 


uniformity of Dlated Metal strip 


plated strip can reduce costs when there is good 
utilization of the plated strip, and can facilitate 
new automated production techniques. 


Syivania’s new strip plating process is adapt- 
able to a wide range of base metals and plating 
materials and is capable of plating thicknesses 
up to .005”, on base metals up to .030” thick and 
8” wide. The close plating control inherent in this 
process makes it adaptable to controlled dis- 
tribution from side to side as well as equal 
side-to-side plating. 


A new technical bulletin entitled “Sylvania 
Plated Metal Strip’’ is available upon request. 


Strip, plated by this process, can be used in 
place of more costly clad strip. In addition, high 
uniformity plated strip can eliminate the need 
for plating formed parts to be used where good 
electrical contact and a high degree of solder- 


Plated Strip is another product of 
Sylvania’s 4-way service to designers. 
Depending on your needs it can be 
produced in base metals such as steel, 
brass, and bronze—plated with nickel, 
silver and copper. 


Sylvania’s Parts Division also offers 
complete service in alloy, clad, and 
plated fine wires, wire welds, custom 
molded plastics, metal stampings, 
and electronic components. Write 
for complete details. 


ability are required. Forming these parts from 


¥ SYLVANI 


LIGHTING ° RADIO ° TELEVISION ° ELECTRONICS 


PARTS DIVISION 


Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 


ATOMIC ENERGY 
4-way 
service 
from 
one source 


METAL 
STAMPINGS 


MOLDED 
PLASTIC 


ELECTRONIC 
COMPONENTS 
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how expensive are molds 
for plastic parts...rea.ll 


Take another look at this part. It has been in production over a 
period of thirty years . . . and not one cent has been charged to the cus- 
tomer for mold repairs! This molding which Kurz-Kasch has furnished 
Bulldog Electric Products Co. by the thousands since 1927, is excellent 


proof that paying enough at the outset for the right molds is a real bargain, 
Sure, good molds cost money initially. But it’s an unvarying policy 
at Kurz-Kasch to design and build original molds for easy repair, so that 
we—not the customer—pay the bills for mold maintenance. 
For 
per part . 


a quote you can depend on... to 


. call Kurz-Kasch. 


give you lowest final cost 


Specialists in thermo-setting plastics for 41 years 


ga kurz-kasch 


Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio 


SALES OFFICES—New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass., Walker 2-0065; 
Chicago, Merrimac 7-1830; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; San 
Gabriel, Cal., Atlantic 7-9633; St. Louis, Parkview 5-9577; Atlanta, Cedar 7-5516; Toronto, Can., Oliver 7986 


204 


| 
| 
| 


| 
| 
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Laboratory 


Equipment 
Engineering 


DIGITAL OHMMETERS FEA- 
TURE MODULAR CONSTRUC- 
TION, TRANSISTORIZED 
CIRCUITS 


Digital 
digit 


ohmmeters in both 4- and 5- 
made up of two 
universal module 
module. The 
contains all three arms 
Wheatstone well 
visual 


models are 
modules: a power 


and a resistance switch 
switch module 
full 
as the read-out. 

The Universal Power Module sup- 


plies all power and reference voltages 


of a bridge, as 


switch modules and 
might be 
Switch 


for the resistance 


for other modules which 


combined with the Resistance 
Module. 
The 


WwW ide 


Digital 
dynamic 


Ohmmeters provide a 
automatic re- 
from 10 mil- 
megohms can be ac- 
with a instrument. 
however. 


range: 
sistance measurements 
liohms to 10 
complished single 
Ranging is automatic; 


trolling 


con- 
the 
ranging. 


available at 
programmed 


eontacts are 


rear panel for 

New 
time. A 
increases switch 


circuit logic improves balance 
controlled drive 
life. Radio noise and 
transients are said to 
Electro 


3794 Rosecrans. San 


new stepper 


line have 


been 
eliminated. Instruments. Ince.. 
Diego. Calif. 
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ULTRASONIC PROBE 
CALIBRATES INSTRUMENTS 


Ultrasonic probes to provide a simple 
and reliable method of checking and 
calibrating ultrasonic equipment. Glen- 
nite range of 2 ke to 
2 ultrasonic medical 


with a 
me. calibrate 


probes. 
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SPINOLE 
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helped MICHIGAN TOOL design push-button speed and 
versatility into new “king-size” gear shaver 


The two MAXITORQ Double Clutches tucked so compactly into the main-drive 
gear-box on Michigan Tool’s Model 885 Gear Shaver permit simple, 
positive, finger-tip selection of four speed ranges, infinitely variable, 

with a low of 1.3 to a high of 166.4 r. p. m. They are an important key 

to this new machine's outstanding features of versatility, 

speed, quick ehange-over, and push-button control. 


Machine tool and industrial equipment designers find in MAXITORQ 
Floating Disc Clutches the essentials of COMPACT design and instant 
positive engagement and disengagement ... freedom from drag or heating 
in neutral and full power transmission . . . that are so important 

to the success of installations such as these. MAXITORQ Floating Disc Clutch 
design and performance have been PROVED by many years of service 
under all conditions. 


Outstanding advantages of MAXITORQ Floating Disc Clutches for 
machine tool and equipment drives also include RUGGED SIMPLICITY of 
all parts ... MINIMUM EFFORT for engagement and disengagement 
...EASY MANUAL assembly, disassembly and adjustment. Available 

in a full range of sizes in SINGLE, DOUBLE and AUTOMATIC 
OVERLOAD RELEASE types. 


For full information, write Dept. EM-6 


THE CARLYLE JOHNSON MACHINE COMPANY 


Manchester, Connecticut 
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NEW, MINIATURE 
ATCOTRAN 
INDICATOR SYSTEM 


ACCURATE, DEPENDABLE, 
LOW-COST INDICATION 
OF MECHANICAL 
DISPLACEMENT 


If your variable can be detected 
in terms of linear change in 
position, this system will provide 
a low-cost indication of that 
variable. OEM’s please note! 


TEMPERATURE « PRESSURE « LEVEL « WEIGHT * DISPLACEMENT 
DIMENSION « POSITION « ETC. 


COMPLETE SYSTEM very conservatively rated and will 
Atcotran Indicator System con- provide long trouble-free operation 
sists of a differential transformer without servicing. 


(+ 0.15” motion) transmitter which 


VERSATILE 


sends an a-c signal proportional a é 7 
The wide variety of quantities 
to change in the measured media 


bs ‘a : measured by Atcotran Indicator 
and a “linear motor” which drives 
Systems permits a high degree of 
the pointer. The null-balance cir- ia , 
a standardization. 0-100 scale is 
cuit is not critically affected by 
standard, special scales are sup- 
normal line voltage fluctuations. apt ; 2 
plied on order. Unit plugs into 115 


volt, 60 cycle outlet. ILLUMI. 
NATED SCALE. Designed 


especially for panel board mount- 


ACCURATE 
Atcotran vertical scale indicators 


arereadableto'4percent.Linearity — . % ' 
Seal reee a bil * ing. An excellent tool for “Graphic 
is +4 per cent and repeatability a se ce hae 
cs ss a “ Panel” applications, Test Cells, 
is better than +% per cent. . 

=e? Process Control Systems, etc. 


DEPENDABLE LOW COST 

This instrument utilizes the ATC First unit is well under $200. 
performance proven amplifier cir- | Quantity orders permit substantial 
cuit. Its electronic components are _ reductions. 


AUTOMATIC TEMPERATURE CONTROL CO., INC. 
Subsidiary of Safety Industries, Inc. 
5234 Pulaski Avenue, Phila. 44, Pa. 


Please send me complete data on Afcotran Miniature 
Indicator Systems. 


NAME 

COMPANY 

STREET 

CITY ZONE____STATE 


FOREIGN SALES: ATC EXPORT DEPARTMENT, 1505 RACE ST, PHILA 2, PA. 
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units: check the operation of indus- 
trial ultrasonic equipment: and meas- 
ure and control ultrasonic intensity 
levels or beam uniformity. 

Model UP-890 is calibrated at 500 
ke and the UP-800C is calibrated at 
five points: 40 ke, 300 ke, 500 ke, 
700 ke. and 1 me, to an accuracy of 
+2 db. Both styles come complete 
with maker’s C-5 subminiature con- 
nectors and cables for direct reading 
through standard laboratory voltme- 
ters. The probe causes only minimum 
disturbance of the acoustic field being 
measured. Gulton Industries, 212 Dur- 


ham Ave., Metuchen, N.J. 
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TRANSISTOR CIRCUIT SIMU- 
LATOR ELIMINATES BREAD- 
BOARD LAYOUT 


Simulating complete  transistorized 
amplifier stages, new instrument elim- 
inates breadboard layouts. Any a-c or 
direct-coupled amplifier stage short of 
high power audio output can be simu- 
lated with the LF-1, as can multivibra- 
tor, switching, phasing, push-pull, Class 
\ and B circuits, and others by using 
cross coupled Transimulators. Common 
or grounded emitter, base, or collector 
circuits may be simulated using pnp, 


qpneeue TRONseMUL 27H 


& 
- 


npn, or surface barrier transistors. A 
separate Transimulator can be used 
for each stage to permit simultaneous 
multi-stage operation, or circuits can 
be simulated stage-by-stage for cascade 
operation. 

Everything required for R-C amplifier 
circuits is built right into the instru- 
ment, including direct coupling capaci- 
tors and posts for external coupling on 
both input and output. 

Bias resistance is continuously vari- 
able to 555,000 ohms and load resist- 
ance continuously variable to 277,500 
ohms. Emitter resistance is variable to 
2,500 ohms; base collector stability 
circuit variable to 250,000 ohms—and 
voltage divider stability circuit vari- 
able to 50,000 ohms. Series resistor 
and bypass capacitor can he exter- 
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LATING TAPE 


Elongation plus 
Conformability With 
Highest Retained Dielectric! 


IRVINGTON . 
=U ES3 RELA 


Non-woven Polyester Base, With or Without Adhesive Backing 


FIBREMAT'S Low Power Factor Under Adverse 
Conditions Assures Insulation Stability 


FIBREMAT's Basic Construction Virtually 
Eliminates Moisture Absorption 


No tension 


No tension 


Notice how stretching the woven cloth elongates the 
fibers and increases their cutting action. In contrast, 
when FIBREMAT is under elongation it maintains its 
position relative to the insulating film, eliminating the 
disruptive forces found in woven base materials. 
*Trade Mark 


@ Why does this new development, another ‘‘first’’ 
from Irvington, offer you so many advantages? Be- 
cause its non-woven polyester fiber base lets you 
stretch the tape to suit your needs with no fear of 
rupturing the varnish coating with consequent dielec- 
tric loss. This discontinuous maze of polyester fibers 
also acts as a moisture-proof shield, safeguarding the 
unique electrical properties inherent in FIBREMAT, 
even under severe moisture conditions. Only FIBRE- 
MAT pledges this exclusive protection! 


In addition, FIBREMAT’s non-woven base assures in- 
comparable conformability, which permits faster 
winding, easier handling, better appearance. 


Ask your 3M salesman to demonstrate how FIBREMAT 
outperforms any product you've ever used... how it’s 
just another of 1001 reasons why 


IRVINGTON MEANS INSULATION INSURANCE 


Irvington Division, 
Minnesota Mining & Mfg. Co. 
9 Argyle Terrace, Irvington 11, N. J. 


Please send me full technical data on Irving- 
ton FIBREMAT. 


Name 


| ee 
(TITLE) 


indicated on this letterhead. 


wee ew eee ee ee eee es 


ee) 


a 
RR V I NI CG T O WT DIVISION (3M MINNESOTA MINING and MANUFACTURING CO. 


9 ARGYLE TERRACE, IRVINGTON 11, N. J. 
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Frasces® 





= anit — o o 
phinga D y the Williow 
Accurate makes springs by the millions—many of our customers use a 
million a month. That takes a lot of spring know-how, experience and 


skill. But to produce precision springs in large quantities at nominal 
cost takes more than that. It takes imagination. 


Imagination allows Accurate to approach problems without being 
too influenced by conventional methods. To successfully produce large 
quantities of precision springs Accurate customer service begins in the 
design and engineering stage. Highly developed skill in producing special 
tooling for large quantities often helps lower overall cost. Springs held 
to close tolerances are assured by rigid quality control and inspection. 
Packaging is designed to provide ease of handling and speed the cus- 
tomers’ production. Scheduling and planning departments assure quan- 
tities delivered to meet your needs and reduce inventory requirements. 


That is the type of experience, skill . . . and imagination, that allows 
Accurate to produce springs by the millions. Plan your springs with 
Accurate too. 


ACCURATE SPRING MANUFACTURING COMPANY 
3817' Ww. Lake St., Chicago 24, Illinois 


fe 


UMMM Mbt.) 
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nally added to emitter resistor and 
base collector stability circuit. 

Built-in battery voltage supply for 
separate bias and load provides 1.5, 
3, 4.5, and 6 volts d-c. Switch reverses 
polarity. 

Almost any external connection de- 
sired, including meter, transformer, 
coupling, external supply voltage, de- 
generation, bypass, coupling, signal 
input and output, can easily be made 
at the 5-way binding posts provided 
on the face of the Transimulator. 
Sprague Products Co., 307 Marshall 

North Adams, Mass. 


Circle No. 66, Reader Inquiry Service Cards 
preceding back cover 


“"3-D’' FLUX METER 


Three-dimensional flux meter measures 
the strength of a magnetic field along 
each of its three rectangular axes. 
The instrument is equipped with a 
long thin probe which permits con- 
venient measurements in narrow spaces 
such as the inside of focusing solenoids 
of traveling wave tubes. It is light. 
compact, highly portable and simple 
to use and it has a range from 2 to 


1000 gauss in two full-scale settings. 
Magnetic fields ranging from that of 
the earth up to 10,000 gauss can be 
measured through the use of external 
meters. Basic sensitivity is approxi- 
mately 0.2 millivolts per gauss. The 
meter case is 6°4 in. long, 314 in. 
wide, and 3 in. deep. The probe is 
12-1/5 in. long, with a diameter of 
0.435; scale is engraved in centimeters 
to facilitate field plotting. Weight of 
the entire unit is 21% lb. The flux meter 
operates from a standard 110 volt, 
60 cycle power line and consumes 
10 watts. 

Sensing elements of the instrument 
are two armatures in the form of 
small measuring coils which rotate 
at 3600 rpm in the magnetic field 
being measured. 

The armatures are driven by a syn- 
chronous motor in the meter case and 
rotate about two perpendicular axes. 
Voltage induced in each rotating coil 
is directly proportional to the inten- 
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Solving tough beam control problems 


with Kopp specially-designed glass 


Modern glass has many useful properties which 
when properly engineered provide highly- 
desirable products for industrial use. 

Kopp engineers proportion and mix these 
properties, as a chef creates a new recipe, to 
provide an innumerable family of quality 
products. They are then put through a series 
of exacting tests—some to destruction—to 
determine their maximum application values. 
Production, the same as designing, is carefully 
controlled to assure products of utmost de- 
pendability and performance. 

Through the years, our engineering depart- 
ment has developed over 1000 glass items 


utilizing over 100 varieties of glass. Some were 
designed to concentrate a beam of light within 
a limited area, others to diffuse light over a 
broad area or direct portions of it to definite 
paths. 

Call us today about your specialized glass 
needs. Our engineering department will be glad 
to help you. 


wh! ‘ 


TU my 
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Vour Best 


Thickness 


Inches 


Source Is 


WIM 


HERE’S WHY: You can 
order in quantity and in 
a wide variety of sizes— 
and be certain of complete 
uniformity throughout. 
Our strict density control 
assures you thoroughly 
non-porous Teflon— 
free from any flaws which 
might possibly affect 
your end use or product. 
Dimensions are accurate 
to your most critical 
tolerances—no rejects, 
waste of material or loss 
of time. You get product 
purity —Teflon at its 
best in every one of its 
remarkable characteristics. 
Delivery is prompt—you 
get the quantity you 
want when you want it. 
Since the availability of 
Teflon, “John Crane’”’ 


engineers have worked 


/% 
342 
Ve 
Ye 
Va 
Ye 
VY. & 


Nominal 
Size 
12x12 
18x 18 
24x 24 
36 x 36° 
48 x 48" 


Up 


* Con be furnished 


in Ya sheets 


DIAMETER INCHES 


Va 
Ae 
% 
%e 
“2 
Ve 
Ye 
Yo 
%e 


1 

Ye 
1% 

1% 
1% 
1” 
1% 
2 
2% 
22 
3 


Other diameters 
on specification 


TYPICAL SIZES 


with Industry to successfully 


solve innumerable problems and 
develop new applications. You can 


benefit from their experience 
and know-how. 


INCHES 
63. £9. 
Ve Vo 
Va Ye 
Vo Va 
1 Ya 
1”% 1 
2% I” 

3 1% 


Characteristics of Teflon 


CHEMICAL 
Completely inert. 
ELECTRICAL 
Very high dielectric strength. 
Extremely low power factor. 
THERMAL 
Temperature range 
—300° to +500° F. 
MECHANICAL 
Strong, flexible, weather 
resistant. 
LOW COEFFICIENT OF FRICTION 
Absolutely non-stick. 


* DuPont Trademark 


Request full information and ask for our bulletin, The Best in 
Teflon. Crane Packing Co., 6424 Oakton St., Morton Grove, 


Il., (Chicago Suburb). 


In Canada: Crane Packing Co., Ltd., Hamilton, Ont. 


is \ / 
IQS CRANE PACKING COMPANY. 3@ a 





sity of one of the components of the 
magnetic field in which it rotates. 

\ special commutator arrangement 
makes it 


X and Y 


possible to sense both the 
field with 
second 


axes of the 
of the The coil is 
used in sensing the Z axis. Federal 
Telephone and Radio Co., 100 Kings- 
Road, Clifton, N. J. 
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FRONT-OPENING TEST 
INDUSTRIAL REFRIGERATOR 


Eiectronic testing and stabilization of 
metals are two applications for a front- 
opening industrial refrigerator that has 
a temperature range from —125 to 350 F. 

Pull-down time from ambient to —100 
F is approximately 45 min, to -125 F in 
approximately 1 hr. On heat cycle it 
raises temperature from —125 F to 300 
F in approximately 15 min. Forced air 


~~ 


= 


circulation is 427 cu ft per min. Unit 
has a variable heating cycle of from 1 
to 1800 watts. Safety 
350 F. 


Capacity is 3 cubic feet with inside 


control is set at 


dimensions 16 in. long x 16 in. wide x 
16 in. deep; outside dimensions, 28 in. 
long x 32 in. wide x 66 in. high. 

Construction features circulating fan 
and an externally mounted motor with 
a lifetime Teflon bearing. Casters are 
heavy-duty, two swivel and two rigid. 
Door latch has lock with two keys sup- 
plied, thermo-pane visual port. The 6 
in. x 8 in. terminal panel is removable. 
Stainless steel interior. 

Unit weights approximately 450 
pounds. Operates on 230-volts, single or 
3 phase, 60 cycle input. Webber Corp., 
P. O. Box 217, Dept. 3-152, Indiana- 
polis, Indiana. 
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Postcard return cards are provided pre- 
ceding back cover as a convenience to 
the reader in obtaining further infor- 
mation on 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 

Advertised Products 
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Cleveland upset forged hexagon head cap 
screws make your assemblies stronger and safer 


Cleveland’s upset forging process puts an extra measure of 
fastener muscle into your assemblies. The flow lines in every 
hexagon head cap screw follow the contour of the head, 
eliminating the planes of weakness along which shear might 
occur under the dynamic stress of heavy impact and vibration. 

Cleveland hexagon head cap screws are manufactured from 
a wide variety of steels and in many different tensile strengths. 
In most cases, a Cleveland standard will serve as well as a 
special and will be much less expensive. Check the chart at 
the right for the one best suited to your needs. Then see your 
local Cleveland distributor. He stocks Cleveland hexagon 
head cap screws in sizes and physical properties to meet the 
most exacting demands of modern machinery design. All 
standard size cap screws in bright and quenched and tempered 
steels are available without delay—alloy steels on short notice. 
And remember, your distributor is backed by the most up-to- 
date production facilities and the largest factory stock of 
hexagon head cap screws in the world. 


THE CLEVELAND CAP SCREW COMPANY 
4444-11 Lee Road, Cleveland 28, Ohio 
| WAREHOUSES: Chicago * Philadelphia © New York © Los Angeles 
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TENSILE STRENGTHS OF CLEVELAND HEXAGON HEAD CAP SCREWS 


Product 


Bright 


Quenched & Tempered 
(SAE Grade 5) 


Quenched & Tempered 


( SAE Grade 6) 


Alloy (SAE Grade 7) 


Alloy (SAE Grade 8) 


Bright 


Quenched & Tempered 


Alloy 


Size, in. 


Up to %A¢ incl. 
% to 1% incl. 
Over 1% to 1% incl 


Up to % incl. 
Over % to 1 incl. 
Over 1 to 1% incl. 


Up to % incl. 
Over % to % incl. 


Up to 1% incl 

Up to 1% incl. 
Over 1% to 2% incl. 
Over 1% to 2% incl. 


Over 1% to 2% incl. 


Note: Higher physicals, through use of selected 
alloys, can be supplied on special order. 


GET YOUR COPY 


card giving you phy 


Cleveland hexagon and 


~- Pocket-size 


cal properties of 


acket head cap 


crews and Cleveland Place bolts 


Tensile 
Strength, psi 


85,000— 105,000 
75,000— 100,000 
65,000 min 


120,000 min. 
115,000 min 
105,000 min 


140,000 min. 
133,000 min. 


130,000 min 
150,000 min. 


55,000 min. 





Literature 
for the Design Engineer 


All-new listings of manufacturer's literature just off the 


press . 


. . including catalogs, manuals and other reference 


publications relating to components and materials for 


designed-in use in electrically energized end products. 


375 C SILICON DIODES An engi- 
neering report on 375 C developmental 
diodes is included in a file folder on 
high temperature silicon diodes and 
power rectifiers. Data sheets provide 
specifications on available models for 
the current range from 100 milliamp 
to 35 amp. The developmental models 
are still in the pilot line stage, but small 
quantities may be available for evalu- 
ation tests. All units are stud-mounted 
and hermetically sealed. United States 
Dynamics Corp. 
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TEFLON ENGINEERING HANDBOOK 
Illustrated 20-page engineering hand- 
book on the use of Teflon covers its 
practical applications as a cushioning 
and insulating material for supporting 
clamps. Illustrated are seven models 
of teflon cushioned support clamps, 
which are available in 18 standard 
types. TA Mfg. Corp. 
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SLOW MOTION WORM MOTOR 

Pointing out the dependability of 
Series W worm motor for slow speed 
provides 
specifications for a  continuous-duty, 
double shaded pole a-c induction 
motor. The design features multi-blade 
internal cooling fan built in both sides 
of rotor. Data are provided on speed, 
rotation, shaft length, type of applica- 
tion (continuous or _ intermittent.) 


motion, 1 page data sheet 


272 


Reduction in noise and other advan- 
tages are among other characteristics 
cited. Brevel Products Corp. 
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SPECIALTY MOTORS, FANS AND 
BLOWERS——-Custom made specialty mo- 
tors, fans and blowers are the subject of 
an illustrated 14-page catalog providing 
full details and physical specifications 

as well as electrical characteristics on 
synchronous, torque, induction and gear 
motors. Data are also provided on cen- 
trifugal blowers and axial fans. Ash- 
land Electric Products, Inc. 
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ELECTRONIC RELAYS—The miniature 
multipole electronic relays described 
in Bulletin 1050 are designed for 
electronic applications where _ reli- 
ability, small size and light weight 
are prime factors. Typical applications 
include computers, automatic controls, 
guidance systems, and communications. 
Comprehensive engineering data are 
provided for many types of open and 
hermetically sealed models. RBM Div.. 
Essex Wire Corp. 
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DESIGN AND DEVELOPMENT SERVICES 

Illustrated Bulletin 571 describes 
available services for the military and 
industry in the research and develop- 
ment—as well as the design—of elec- 


tronic and related equipment and 
systems. Facilities are also available 
for production engineering and _ the 
construction of pilot models. Special- 
purpose data-handling 
radar components are among projects 
completed; work in progress covers 
such areas as: telemetering, radar and 
automation. Strand Engineering Co. 
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systems and 


FEED-THRU RF SUPPRESSION CAPAC- 
ITORS—Addition of 25-ampere rat- 
ings to a line of miniature three-term- 
inal NFT feed-thru capacitors for r-f 
noise suppression is announced in 
Bulletin No. 172. Current ratings are: 
5, 15 and 25 amp with voltage ratings 
from 100 to 600 volts d-c and 125 to 
250 volts a-c for operation at frequen- 
cies up to 400 cycles. Capacitances 
range from 0.001 to 2.0 mf, depending 
on voltage. Operating temperature 
range extends from —55 to 85 C and 
from 55 to 125 C without voltage 
derating. Cornell-Dubilier — Electric 
Corp. 


Circle No. 127, Reader Inquiry Service Cards 
preceding back cover 


AIRCRAFT EQUIPMENT BRUSHES 

“Brushes for Aircraft Equipment” is 
the title of a new catalog section sup- 
plementing technical catalog on “Car- 
bon. Graphite and Metal-Graphite 
Brushes for Fractional 
These 


Horsepower 
Equipment.” various brush 
grades available for high altitude serv- 
ice are reviewed in the new section, 
designated B-1700. Included are de- 
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; (it is You thie 7 jaste r! 
{ Trolls lilee (i electric motor! 


(,cts you hianis safely! 


The First Automatic Outboard Transmission | 

* 
Features G. S§. Small Gearing EE rn | a 
The rugged new MERCURY Mark 10 Outboard, with Sr lll 
Gearing by = Ss., — — automatic trans- - . 
mission in the industry! e unique transmission 
engineering development permits one-hand control of Specialties, Inc. 
throttle, neutral, forward and reverse with the twist-grip . 


on the tiller handle. * You, too, can depend upon G.S. rhe eet Se 


for TOP performance in the Gearing you need. Skilled CHICAGO 47, ILLINOIS 
G.S. engineers will gladly lend you valuable aid in : 
determining the ONE best, and most economical appli- 


cation. Send drawings and descriptions today. 
WORM GEARING * RACKS * THREAD GRINDING 
6-page Small Gearing Guide. It describes WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
SLI HK 80 types and applications. Contains use- OF FRACTIONAL HORSEPOWER GEARING 
¢* ful charts . . a valuable aid to anyone in- 
terested in Small Gearing. Use company 


letterhead, please. No obligation, of course. 
FRACTIONAL Hon. Write today ! 
¢ 


H Yeats of cfpeciabying in fmall Gearing! 
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scriptions and definitions used in con- 
nection with the tabulation of average 
physical characteristics of brush 
grades. National Carbon Co., Div. of 
Union Carbide and Carbon Corp. 
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FLEXIBLE COUPLING——Four-page bul- 
letin describes flexible couplings avail- 
able in 14, 34 and 114-in.-diam models. 
Characteristics include: low inertia, 
high lateral misalignment; and no 
lubrication required. Naugler Engineer- 
ing Inc. 
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HYDRAULIC CYLINDERS—Recent im- 
provements in design and additional 
mountings for “Compact” Hydraulic 
Cylinders are discussed in Bulletin No. 
57-68. Data are provided on the con- 
struction features of 2000 psi cylinders, 
including the new trunnion-mounted 
models. Including are complete tables 
of sizes and dimensions as well as use- 
ful engineering data on applications. 
Vickers, Inc. 
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TRANSFORMERS Military and special 
commercial transformers are the sub- 
ject of Bulletin TR500, which describes 
both military and special commercial 
models. Components described are 
manufactured to customer specifica- 
tions. Among the types described are 
high power pulse, hermetically sealed 
military and open type military, sub- 
miniature binary and toroids. Magnetic 
~ 


. amplifiers can also be produced. Data 
are provided on facilities, including 
winding equipment: impregnating and 

/ | filling equipment; and testing. Labora- 
iP can mass-produce your precision 


torv for Electronics, Inc. 


Circle No. 131, Reader Inquiry Service Cards 
miniature assemblies at lower cost on schedule! preceding back cover 
—_— 


Manufacturers unfamiliar with the specialized techniques of | MICRO-BEARING SELECTION Im- 


ae d E portance of ball rolling speed in the 
handling small, precision parts often run into costly production chines: slleies| «0 wilt tal 
delays. Unusual skills, methods, tools and a depth of specialized bearings is emphasized in 4-page Bul- 

a sae . letin, No. 19. Rejected is the theory 
experience are needed to manufacture and assemble miniaturized : diet beeavies ike sennian welee anil 
parts in volume. That is why leading companies make a date lubrication requirements are a direct 


with Elgin to have this work done for them... after all, Elgin | function of shaft rpm. The real de- 


termining factor is declared to be the 
has been “making dates” with miniaturization for years. When linear speed with which the balls roll 


your big problem is a small assembly, save cost, call Elgin. 46+ Sha a New Hampshire 
a searings, inc. 
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WATCH COMPANY MINIATURIZED TRANSFORMERS — 


Ultraminiature, subminiature, minia- 
turized in a line of stocked units 
included in a line of stocked units 

MICRONICS DIVISION « ELGIN, ILLINOIS available for typical servo, missile, or 


RESEARCH AND DEVELOPMENT FACILITIES AT ELGIN, ILLINOIS AND BURBANK, CALIFORNIA; airborne appmcenenn designed to con- 
MANUFACTURING FACILITIES AT ELGIN, ILLINOIS AND LINCOLN, NEBRASKA form to MIL-T-27 specifications. Her- 
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GLASS PAPER News from L-O-F GLASS FIBERS COMPANY 


New MICRO-FIBERS GLASS PAPER Offers 
Unique Combination of Electrical Properties 


For electrical applications where 
compact design requires space con- 
servation, new glass papers made 
from L-O-F Glass Fibers’ Micro- 
Fibers provide an all-glass insula- 
tion of special interest to both 
designers and equipment users alike. 
Glass paperj is available in 1 mil 
and other standard thicknesses, 


MICRO-QUARTZ PAPER Offers Insulating 
Advantages up to 2,500°F. 


For insulation up to 2,500°F., L-O-F 
Glass Fibers’ Micro-Quartz offers a 
unique combination of advantages. 
Fibers composed of 98% quartz, aver- 
aging from *4 micron to 1 micron in 
diameter, are readily processed into 
paper.t 


Because Micro-Quartz paper has no 
organic binder, its performance, sta- 
bility, and thermal conductivity are 
the same as quartz. Micro-Quartz fibers 
are manufactured boron-free, an im- 
portant quality for uses where high- 


Glass Paper in 
Plastic Laminates 


All-glass papert gives an extra-smooth 
surface when used as a surfacing mat. 
The fine-fibered glass paper keeps the 
coarser glass reinforcing fibers away 
from the surface, and acts as a blotter 
to hold the resin on the surface. 
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energy radiation is present. It has low 
dielectric constant, and low loss factor 
at high frequencies. 


Applications include condensers and jet- 
engine ignition cable or thermocouple 
cable. In bulk or felt form, it may solve 
critical high-temperature insulation 
problems in aircraft, oil-refining, metal- 
processing, chemical - manufacturing 
and atomic-energy fields. 


Micro-Quartz Paper Product Data 


Average fiber diameter. .1.0 micron. 
Thickness of sheet 4 mils and up. 
Width of sheet Up to 80”’. 
Available in continuous 
rolls. 
quartz, virtually 
free of metallic im- 
purities. Quartz fibers 
ore manufactured 
boron-free. 
Inorganic. 
Low dielectric constant— 
low loss factor at high 
frequencies. 


| Service temperature Up to 2,500° F. 


This unique property of all-glass paper 
has excellent possibilities for printed 
circuits (left), and other reinforced- 
plastic products. More new uses for all- 
glass paper are found daily, as its ver- 
satility becomes better known to de- 
signers and engineers. 


Glass paper for this use comes in 4-mil 
thickness and up, in rolls up to 80 
wide. It is made either without binder, 
or with binders compatible with most 
laminating resins. 


+L:O-F Glass Fibers Company supplies 
bulk Micro-Fibers to paper manufac- 
turers. Write for sources of glass paper. 


virtually free of metallic impurities, 
and resistant to high temperatures. 
It meets all requirements for ‘‘Class 
H”’ insulation. 

Applications include use in cables 
and as tapes. It is also used in 
armature slot wedges and liners, in 
glass-base sheet laminates together 
with glass mat or fabric, or by itself. 


New 1-mil Micro-Fiber glass paper 
is ideal for applications requiring 
extremely thin inorganic insulation, 
such as backing for mica mat or 
mica paper. 1-mil glass paper may 
also be used as layer insulation in 
dry-type transformers. 

Three processes impregnating, 
laminating, coating—make possible 
a wide variety of electrical applica- 
tions for all-glass paper: 

1. Electrical varnishes or Tef- 
lon,* applied by impregnating, 
for general insulating purposes. 
Recommended where superior 
resistance to moisture and high 
temperature is important. 
Mylar* polyester film, applied 
by laminating. For use where 
unusually high dielectric 
strength is required. 

. Polyethylene, applied by ex- 
trusion-coating glass paper, for 
radio and electronic applica- 
tions. 


Glass paper comes in continuous 
rolls, in 1-mil and other standard 
thicknesses and standard widths. 
Samples and additional information 
are available by writing L-O-F Glass 
Fibers Company, Dept. 12-67, 1810 
Madison Avenue, Toledo 1, Ohio. 


Registered trademarks of DuPont ‘ompany 


TOLEDO 1, OHIO 


BACK COVER 





150,000,000 Standard Fastenings... 
Bolts, Nuts, Screws, Rivets, Washers 
ready for IMMEDIATE DELIVERY 


Be Specific . get the 
exact corrosion-resistant fastenings you need— 
right away—from your nearby Harper Distrib- 
utor. He stocks thousands and thousands of them 
to give you quick service 


Don't Compromise 


He's an expert in 
fastenings and will give your order specialized 
attention. Why shop? Why wait? He has what 
you BEFORE you order. 
They're as near as your phone. Call your local 
Harper Distributor today for immediate delivery 


THE H. M. HARPER COMPANY 


LEHIGH AVENUE-MORTON GROVE, ILLINOIS 


need . . . on hand 


Ee 


irrefutable proof of Harper's greater metals’ strength shown by laboratory test ! 


PS 
THOUSANDS 


An important point in buying fastenings 
is strength. Independent laboratory 
tests*, utilizing Stainless Steel Machine 
Bolts by Harper and three other lead- 
ing producers, prove Harper superiority 
in Tensile, Shear, and Yield Strength. 
The chart at left shows the actual re- 
sults of these tests. For complete infor- 
mation on these important tests, request 


Form No. 126. 


"By R. W. Hunt Laboratories 


molded or constructions 
are available. Microtan Co., Inc. 
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MAGNETIC CLUTCHES AND BRAKES 

Finding primary applications in ma- 
chine magnetic clutches 
scribed in a new six-page bulletin, No 
M-101—provides dimensional drawings 
and specifications on Model SC mag- 
netic clutch (stationary field type.) 
Model SB magnetic brake (spring- 
engaged, electrically released) 
Model SBR magnetic brake (spring- 
engaged, electrically released) and 
rectifier.) Size range (approximate) : 
from 2 to 13 in. Fawick Airflex Div.. 
Fawick Corp. 
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COIL FORMS FOR D’ARSONVAL GAL- 
VANOMETERS—Single-sheet Bulletin 
1056 describes a series of precision 
moving coil forms for use in d’Arson- 
val galvanometers. Provided are data 
on variations in coil form 
metals and alloys offered, and avail- 
able tolerances (as low as +0.0005 
in. on wall thickness.) H & H Machine 
Co.. Inc. 
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INTERLEAVED ALUMINUM STRIP 


| CONDUCTOR—Design advantages of 


interleaved aluminum strip conductor 
in electromagnetic coils are outlined 
in an eight-page brochure complete 
with application data. Types of inter- 
leaving materials listed. Proper 
joining methods described. Rey- 
nolds Metals Co. 
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BRIGHT AND ENAMELED FINE RE- 
SISTANCE WIRE—Complete data are 
provided in a new twelve-page technical 
bulletin on the electrical and physical 
properties of the following resistant 
alloys: Karma, Nichrome, Nichrome 
V. and Advance. Karma enamel-coated 
resistance wire is now in commercial 
production in diameters as small as 
0.00045 in., with a resistance value of 
3951 ohms foot at 20 C. Charts 
and tables are provided. Driver-Harris 
Co. 


per 
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BORON STAINLESS STEEL—Wrought 
austenitic alloy—l per cent 
stainless steel—now available in com- 
mercial quantities is the subject of an 
illustrated bulletin that points out its 
application in the nuclear’ energy 
equipment in control applications and 
important shielding 
The alloy has thermal neutron absorp- 
tion properties many times greater than 


boron 


reactor service. 
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regular stainless steel and is workable 
hot and cold, weldable, machinable 
and corrosion-resistant. Superior Steel 
Corp. 
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ELECTRIC OVEN CONTROLS— An elec- 
tric oven with pre-heat and auxiliary 
top-heat switches is the subject of an 
illustrated brochure presenting details 
of Models N5 and N52. A second cata- 
log illustrates and describes in four 
pages, electric oven-controls models P1 
and P12. Model P1 is a double-pole, 
snap-action, thermostatic control, de- 
signed for use on ovens without broil 
elements. Both the on-off switch and the 
temperature setting are operated by a 
single dial. Model P12 is the same as 
model P1 except that it has a short dial 
hub and a cover-type mounting for shal- 
low installations. Robertshaw-Fulton 
Controls Co. 
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ELECTRICAL CONNECTORS Finding 
applications in aircraft, radio and many 
types of instruments and general elec- 
trical equipment, K and RK Connec- 
tors are the subject of a 64-page cata- 
log. The connectors are available in 
7 basic shell types having 8 insert sizes 
totalling more than 220 arrangements, 
with a variety of amperage and voltage 
ratings. Among the available types are 
television connectors and hermetically 
sealed types. Cannon Electric Co. 
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SILICONE RUBBER COATED GLASS 
TAPES Silicone rubber compound, 
K-1014, is said to meet U. S. Navy 


specifications for silicone rubber coated 
glass tapes for cable insulation. The 
compound is marketed as either a 100 
per cent silicone solids compounds or 
a 35 per cent solids coating solution 
in toluene. Electrical and coating prop- 
erties and said to 
be excellent. Eight page catalog points 
out other advantages of the compound, 
designed primarily for use as a basic 
stock for solvent coating solutions. 
Silicones Div., Union Carbide Corp. 


characteristics are 
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FERROMAGNETIC COMPUTING AM- 
PLIFIER Second edition of Bulletin 
221 is devoted to Ferrac magnetic am- 
plifiers, a family of stable self-contain- 
ing ferromagnetic computing amplifiers. 
Their frequency response extends from 
d-c to an upper limit determined by 


the input circuit. Described are the 


characteristics of the various types 
available; application data are pro- 
vided. Pointed out also is the use of 


the amplifier with such accessories as 
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Put your SPECIAL problem to 
the Harper FLO-FORM team 


This small but tricky eyebolt (reproduced here in giant 
size) was redesigned and produced by Harper at a 50% 
saving. The Harper Flo-Form Process employs highly 
special techniques to produce parts of economical design, 
with greater strength and durability, and without scrap 
loss. Call on the Harper Flo-Form engineering team of 
design, metallurgical, and tooling specialists to help you 
save dimes to dollars on parts which you find costly to 
manufacture. Use their more than 33 years of know-how. 
See what you, too, can save on corrosion-resistant fasten- 
ings and special parts. Send your problem today to The 
H. M. Harper Company and ask for the Flo-Form catalog. 


Meet Harper Application Engineer, 
ROY SMITH 
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North-Central area fastening users know the 
value of advice on “specials” problems given 
by Mr. Smith. Roy, headquartering in Mil- 
waukee, has broad experience in the fasten- 
ing field. He works closely with other mem- 
bers of the Flo-Form team to supply Harper 
Application Engineering Service whenever 
it is needed. 


THE H. M. HARPER COMPANY 


8204 LEHIGH AVE., MORTON GROVE, ILLINOIS 
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The Harper infinity symbol, 
as shown above, and 

the name FLO-FORM are 
registered trade marks of 
The H. M. Harper Company 















advance your fractional HP or Universal Electric Motor program with 


VMOTORK 


Laminations 


Increased motor production, 


lower inventories in your plant 
through flexibility and dependability 

of Motork production schedules 
and raw material supplies. 


Improved motor performance ... 


designs can be held to closer limits 
for greatest unit cost reduction. 
Quality standards are assured 
by the Motork Evaluator. 


Lowest motor core cost 


by the use of equipment 
and metallurgical methods 
designed to put Motork 
10 years ahead. 


Careful studies of MoTorK Laminations in all common motor types 
have been made in Magnetic Metals Company laboratories. Results 


prove advantages of MOTORK over 
Reports of these studies are available. 


MAGNETIC METALS 


Hayes Avenue at 21st Street, Camden, N.J. 


(MPANY Electromagnetic Cores and Shields 


conventional laminations. 


a synchronous demodulator and a power 
amplifier. Airpax Products Co., Engi- 
neering Division. 
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STAINLESS STEEL FASTENINGS -- Well 
over 7.000 items are listed in Catalog 
No. 56-A containing many new sizes 
and types. Among new products de- 
scribed are such screw machine prod- 
ucts as knurled and drilled parts, dowel 
pins, tapered and grooved parts, captive 
screws, milled AN bolts (extra long 
length) and shafts. among others. Many 
different sizes and styles of hinges are 
also available. Line of products also 
includes nuts. wing nuts. cap nuts, 
self-locking nuts, and cotter pins. Star 
Stainless Screw Co. 
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RECTIFIER AND CAPACITOR REVIEW 

First issue of ReCap, newly issued, 
contains news on facility expansion and 
application data for tantalum prod- 
ucts. Also included is a short illustrated 
article, “Silicon Rectifiers—Types and 
Characteristics.” Other sections of the 
|-page external house organ deal with 
technical questions and other pertinent 
engineering material. Fansteel Metal- 
lurgical Corp. 
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BOBBINS FOR WINDING YARN, WIRE 
AND STRIP ALLOY Bobbins de- 
scribed in a new illustrated catalog find 
electrical and metal 
working equipment. Illustrated and de- 
scribed in the 


use in textile. 
12-page catalog are 
standard and special bobbins made 
from: vulcanized fiber. Phenolite lam- 
inated plastic. and hard close-grained 
northern maple. Also, from steel. alumi- 
num, and special alloys. Sixteen typical 
examples of five basic types of bobbin 
construction are explained and_ illus- 
trated. Lestershire Spool Diy... National 
Vulcanized Fibre Co. 
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SOLDERABLE FINE-SIZE MAGNET WIRE 
Analac magnet wire is available in 
size 31 and finer. This film-insulated 
solderable magnet wire has the advan- 
tage of being solderable without strip- 
ping. Soldering by dipping iron or gun 
produces an excellent joint quickly and 
without previous removal of insulation. 
Properties of the red-colored wire are 
listed and other engineering data pro- 
vided. Anaconda Wire & Cable Co. 
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COOLING EQUIPMENT The 8 pages 
ef an illustrated brochure picture and 
describe representative models in a line 
of cooling equipment for electronic ap- 
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offers Design Engineers 
a creative challenge 
un a brand-new freld 


Building “electronic intelligence” into electric type- 
writers means exciting new career opportunities 
at IBM, Lexington, Ky., in the Blue Grass Country. 





IBM is now assembling a select group of designers and 
engineers to help apply the miracles of electronics to 
electric typewriters. If you are an E.E., an M.E., or a 
designer, there is a splendid chance to use your ingenu- 
ity and resourcefulness at IBM’s new research labora- 
tory in Lexington, Kentucky. 

: . : For the electric typewriter is destined to become far 
Electronic Tabulation: Typ / 
ical of the electronic innova- 
tions being realized at IBM 
— Lexington is this revolu- 
tionary sensing unit. It per- 
mits IBM Electrics to “read” 


right from the paper being | 






more than just a typewriter. It is changing in concept 


both as a single entity and as an integral part of an over- 
g gral 





all electronic business machine system. As a designer 
or engineer at IBM, you will find tremendous challenge, 


because the new electric typewriter is an advanced step 






typed — automatically stop- 
ping the carriage at the de- 


in the science of communications; one worthy of the 
sired spot. 7 










creative talents of outstanding engineers. 


Many challenging career opportunities open! 





In addition to the research laboratory, IBM's new manu- 
facturing plant at Lexington offers excellent opportuni- 
ties tor professional and technical men: 


© Electronic engineers ® Plastics engineers and 


. ae mold designers 
® Electronic technicians 9 


Product cost estimators 







® Industrial engineers Toot enginene 






® Machine designers 










Tool and model makers 


® Methods engineers Tool designers and engineers 





Blue Grass Region: You'll find living conditions ideal! 
IBM pays moving and travel expenses. 


For the facts about a career at IBM—Lexington, 
please write to: 






Mr. R. A. Whitehorne, Dept. 5506 











a 


Ss 
SS aS 


4 Manager of Engineering Recruitment 
iad 


International Business Machines Corporation 
590 Madison Avenue, New York 22, N. Y. 





ELECTRIC 
TYPEWRITERS 






DATA PROCESSING «+ 





ELECTRIC TYPEWRITERS + MILITARY PRODUCTS e SPECIAL ENGINEERING PRODUCTS + TIME EQUIPMENT 
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THE MARK OF QUALITY 


BARBER 
mE 


“We needed a quality 
motor to withstand 
marine environmental 
conditions.” 


> Ores Bendix Pacific Division, North Hollywood, Calif. 

With the development of the new low-cost Bendix Depth Indicator, it 
is now possible for more owners of pleasure boats and commercial craft 
to equip for automatic depth indication. This indicator is available in 
two models: One with 480 soundings per minute for 50-fathom range, 
the other with 1440 soundings per minute for 100-foot range. For both 
models Bendix Pacific Division chose the Barber-Colman DYAB uni- 
directional motor, 115 volt, 60 cycle operated from a vibrator, to rotate 
the indicating light at a constant speed and actuate the unit’s keying 
system. To withstand marine environmental conditions, these motors 
are furnished to Bendix with corrosion-treated rotors and stators and 
varnish-impregnated coils. If you have a design problem involving 
small motors, let Barber-Colman Company engineers help you solve 
it with the exact motor for the job. 


FREE HELPFUL DATA SERVICE on the complete line of Barber-Colman small motors which includes 
unidirectional, synchronous, and reversible motors — up to 1/20 hp. With and without reduction gearing 
— open or enclosed types. Expert engineering service available. Write today, tell us your problem, ask 
for free data sheets and catalog F-4271-6, or see Sweet's Product Design File. 


= Zz sae 


SYNCHRONOUS 


Kile 
“ on 


REVERSIBLE GEARED UNIDIRECTIONAL 


BARBER-COLMAN COMPANY 
Dept. R, 1203 Rock Street, Rockford, Illinois 
Aircraft Controls 


Overdoors and Operators 
Machine Tools * Textile Machinery 


Small Motors °* Automatic Controls * Industrial Instruments ° 
Electrical Components ° Air Distribution Products ° 


Molded Products * Metal Cutting Tools * 
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plications. Included in Catalog Sheet 
10101-1A are both industrial and in- 
strument types. Models are available 
for communications and military appli- 
cations. Rotron Manufacturing Co., Inc. 
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SUBMINIATURE RELAYS Among the 
many types of subminiature relays de- 
scribed in a_ stapled file folder are 
models designed to meet military speci 
fications. These include hermetically 
sealed subminiature 2, 3, 4 and 6 pole 
double-throw models. Also available are 
latching relays (magnetically held and 
electrically reset) designed to conform 
to military specifications. These are 
available in various contact combina- 
tions. Relay mounting styles are illus- 
trated and coil data presented. Filtors. 
Inc. 
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DRUM AND CAM SWITCHES—Com.- 
plete line of drum and cam switches 
for manual and automatic control of 
wound-rotor, squirrel cage, d-c series. 
and compound-wound motors is_ the 
subject of 8-page Bulletin GEA-6307A. 
Features of the units are discussed and 
continuous-o peration requirements 
listed. Application and dimensional data 
are provided. Also included are selection 
recommendations. General Electric Co. 
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INSULATION FOR COLD APPLIANCES 

Designed for use in domestic refrig- 
erators, home freezers, frozen-food dis- 
play cases and related items, Spintex 
insulation has such advantages as re- 
siliency and malleability that prevent 
heat leaks at joints and edges, as well 
as within the walls. Insulation is said 
to make possible thinner walls and 
greater capacity. Thermal conductivity. 
densities, thicknesses and_ tolerances 
are among the subjects covered. Johns- 
Manville. 
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RF INDUCTION HEATING GENERATOR 

Radio frequency induction heating 
generators are the subject of a series 
of one page illustrated data sheets list- 
ing RF power output, input, and other 
technical data. McDowell Electronics. 
Inc. 
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FERRITE MATERIALS 
describe the magnetic properties of 
three types of ferrite materials, desig- 
nated Ferramic O-2, Ferramic Q, and 
Ferramic H. Applications of these fer- 
rites include use as components in 


Catalog sheets 
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IN ELECTRICWARE, TOO, e There are so many advantages 


to stainless electricware it’s no 
surprise that sales are skyrocketing. 


with a minimum of care. 


° Homemakers like the natural beauty 
| wv j of stainless —-the way it easily 
absorbs the punishment of everyday 
STANDS OUT use and stays forever new 


CHICAGO, CINCINNATI, 


CLEVELAND, 


e@ Sharon’s thorough knowledge of 
the utensil industry, the ability 

to produce specification steels of 
consistent uniformity, plus the finest 
finishes in the industry are reasons 
why so many of the nation’s leading 
electricware manufacturers specify 
Sharon Quality Stainless Steels. 


For 56 Years 
SHARONSTEEL a Quality Name 


in Steel 


SHARON STEEL CORPORATION, SHARON, PENNA. 


e 


DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, MONTREAL, TORONTO 





COSTLY 
MECHANISMS 


deserve 


QUALITY 
CABINETWORK 


Any product is improved by better 
packaging—that’s one reason why 
costly electrical or control mecha- 
nisms deserve cabinets, panels or 
boxes made to Cincinnati Ventilating’s 
high standards of quality. We custom 
fabricate sheet metal to individual 
specifications, in any quantity. We 
are equipped to make almost any 
sheet metal part; we can stamp, 
shear, break, roll, weld, machine, 
assemble and finish all types of 
metal — aluminum, brass, copper, 
monel, stainless and all other steels. 
We have the facilities and the per- 
sonnel to produce consistently top 
quality work, at competitive prices. 


CMM 
a AEP AL 


the 
CINCINNATI 
VENTILATING 


Company 
308 Madison Ave. 
Covington, Ky. 


communication equipment, computers, 
automatic controls, and related elec- 
tronic equipment. General Ceramics 
Corp. 
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MICRO-MINIATURE CAPACITORS FOR 
TRANSISTORIZED CIRCUITS Appli- 
cation of microminiature Tantalytic ca- 
pacitors include use in miniaturized 
assemblies and in transistorized equip- 
ment. Designed for low-voltage. d- 
applications where superior characteris- 
ties and size reduction are required. the 
capacitors are used in hearing aids. 
military equipment and other units. 
Samples of standard ratings are stocked. 
General Electric Co. 
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UNIVERSAL RELAY TESTER Detailed 
specifications, including electrical and 
special characteristics of a universal 
relay tester are presented in a 4-page 
brochure. The tester is a self-contained 
unit that will test all general relays, 
checking for any pull-in and drop-out 
voltage and current requirements as 
well as for contact operation. Insula- 
tion is tested by the high potential 
method. All test are performed by the 
simple operation of a few switches and 
controls. Industrial Div., The Magna- 
vox Co. 
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ELECTRONIC COMPONENTS Standard 
and miniature sized electronic compo- 
nents are described and illustrated in 
Bulletin 357, providing data on such 
products as plugs, jacks. connectors 
and adapters. Push button switches are 
also available. Tables list available 
sizes and types: drawings show con- 
struction details. Richards Electrocraft. 


Inc. 
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AUTOMATIC CONTROLS “Elec- 
trionie s——-Your Key to Better Control” 
is a four-page bulletin that describes the 
functions and advantages of an elec- 
trionie system that provides efficient 
and economical temperature control for 
heating and air conditioning equipment. 
\pplication data are provided. Barber- 
Colman Co. 
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TESTING MACHINES—Useful in lab- 
oratory and other applications are the 
universal testing machines described in 
Bulletin 54, containing 40 pages of 
text and illustrations. Complete infor- 
mation and specifications are provided 
for standard units with 500 to 1,000,000 
lb capacity. Included are comprehensive 


Better Dielectric Quality 
Low Cost 


UNIFORM QUALITY 
FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic particles. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


PRESSITE—an absorbent, unsized 
material of great purity for use 
principally in air, oil and askarel 
transformers. 


ELECTRITE—a hich erade board 
with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 
tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department y 
230 Park Avenue 
New York 17, N. Y. 
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CAKE MIX IN A“‘JIFFY” 


CY PAK 


Controlling automatic storage conveyors 
at Chelsea’s modern food plant 


Chelsea Milling Company, maker of well-known “‘Jiffy”’ brand 
premixed foods, uses flexible CYPAK* static control to reduce 
material handling costs in their plant at Chelsea, Michigan. 
CYPAK begins at the mixing and packaging machines, 
memorizing the sequence of cartons going to the warehouse. 
Cartons are identified automatically, and then CYPAK directs 
storage according to the preselected pattern. 
Subsequent delivery of cartons from storage to dock is also 
completely predeterr ..4, making the warehousing operation 
totally automatic. An additional benefit realized by Chelsea 
with this system has been great reduction in carton breakage. 
For complete information on CYPAK, call your Westinghouse 
representative, or write Westinghouse Electric Corporation, 
P.O. Box 868, 3 Gateway Center, Pittsburgh 30, Pennsylvania. 
*Trade Mark 
J-22033 


you CAN BE SURE...1F ITS 


CRS 


Westinghouse iW 


giSt* 


MI 
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THE WBD CHEMIST — 


A KEY MAN IN 
ELECTRONICS 


Wilbur B. Driver 


RESISTANCE ALLOYS 


Progress Plus! Producing precision resistance alloys for 
electronics goes far beyond melting and drawing 
techniques. Of even greater importance is 
quantitative analysis of the metal. All Wilbur B. 
Driver resistance alloys are subjected to thorough 
analysis. Thirty-five years experience plus : 
ultra-modern production and laboratory facilities, 
assure quality that exceeds specifications. Whenever 
you see the WBD label, you can look for 


BETTER PERFORMANCE! 


Wilbur B. Driver Co. 


NEWARK 4, NEW JERSEY 


For Over Thirty-five Years Manufacturers of Dependable 
Electrical, Electronic, Chemical and Mechanical Alloys 


descriptions of the independent loading, 
weighing and indicating systems fea- 
tured on all the models. Tinius Olsen 
Testing Machine Co. 
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STANDARD ELECTROMECHANICAL 
BREADBOARD PARTS — Experimental 
and development work in control sys- 
tem design can be greatly speeded by 
the use of a line of standard electro- 
mechanical breadboard parts described 
in 24-page catalog No. 575. Data are 
presented on component hangers, shaft 
hangers, and couplings, as well as on 
shaft hardware, limit stops, dial assem- 
blies, and a wide variety of gears. Ad- 
ditional pages describe differentials, 
magnetic clutches and a ball and disc 
integrator, as well as a terminal block 
assembly. Helipot Corp., Div. of Beck- 
man Instruments. Ine. 


Circle No. 158, Reader Inquiry Service Cards 
preceding back cover 


INDUSTRIAL RESEARCH AND DEVEL- 
OPMENT FACILITIES—lIllustrated bro- 
chure describes a 3-way research serv- 
ice: exploratory research, applied 
research, and development. Described 
and illustrated is a typical project—on 
magnetic information storage. Com- 
pany has undertaken on its own initia- 
tive extensive research work in the field 
of applied magnetics. Bussey Research 
Laboratories, Inc. 
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OVERHEATING IN FLUORESCENT 
LAMP BALLASTS—lIllustrated publica- 
tion GED-3328 uses text and illustra- 
tions to show what happens to an 
overheated ballast and suggests steps 
to avoid ballast overheating and as- 
sociated problems. General Electric 
Co. 
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ELECTRIC THERMOSTAT Electric 
thermostat providing over-temperature 
protection in laboratory and industrial 
equipment is the subject of Bulletin 
RT-806. Designated H14, the double- 
pole model is a single-throw, direct 
type acting thermostat which opens on 
a rising temperature. It has a sensi- 
tive, toggle-type action, snap-action 
mechanism; an integral on-off switch 
and a double-pole over-temperature 
cutout. Wiring details and a cutaway 
diagram are included. Robertshaw-Ful- 
ton Controls Co. 
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SILICON CHARACTERISTICS—Use of 
Silicon is reviewed in a Bulletin en- 
titled, “The Relationship of Silicon 
and Its Properties To The Electronics 
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‘‘Our customers prefer 


ALLEN-BRADLEY”’ 


Bulletin 709 
Solenoid Starters 
available in 8 sizes 
| up to 300 hp, 220 v; 
600 hp, 440-550 v. 


| 


Among leading manufacturers of machine tools, Allen-Bradley 
Quality motor starters are the favorite—as shown by many 
independent preference studies. Having the Allen-Bradley 
Quality trademark appear on your equipment means auto- 
matic customer acceptance. 


The “simple design” of Allen-Bradley motor control . 
with only one moving part... guarantees reliable operation. 
The double break, silver alloy contacts—used in all Allen- 
Bradley controls—are always in perfect operating condition. 


Even inspection time—let alone maintenance time—is saved. 


No matter what your control requirements may be, they 
can be met with standard components listed in the Allen- 
Bradley Handy Catalog... Allen-Bradley control specialists 
can help you with your control problems. Standardize on Allen- 
Bradley Quality motor control . . . add this sale 


s asset to your 
production machines! 


~— \ 
Bulletin 702 . D ‘¢ 
Solenoid Contactor Bulletin 700 N - 8 2 A - 
Solenoid Relay 


TOR CONTRO) 
> a ae 


' Bulletin 800T ; 
Bulletin 702 Oiltight Push Button Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
Solenoid Contactor 


: | —Allen- | ‘ : 
Size 3 eisies O08 n Canada—Allen-Bradley Canada Ltd., Galt, Ont 
Oiltight Selector Switch 





for reliability... plus consistent operation 


SPECIFY 


The motor controls on your automatic machines must be reli- 
able when the machines are new . . . and remain reliable when 
the machines are old. When the sequence of operations is short, 
the controls must be instantaneous and consistent in their — | ae 
operation ...or production has to be slowed down to the eee eee 
maximum variation in time of contactor operation. Sluggish- 
ness of a single component . . . even for a split second . . . may 
mean costly repairs and work spoilage. 

Reliability is an integral part of all A-B motor controls. 
The simple solenoid design . . . with only one moving part. . . 
assures millions of trouble free operations. The double break, 
silver alloy contacts never need service attention. 






Let Allen-Bradley help you with your special control prob- 
lems. As you know, “quality” and “cheap” are two “teams” | 


The we: ps as 
«- ce] pe ee 4 ny a a oy 
never in the same league. es 


& 7 ’ " a ¥ 
Please send for the new Allen-Bradley Handy Catalog. RAIMA i + “k ch <b 
















ne ee ee eer ee 


a4 ou A 






——— ee eansanannnnn 


i? ott oh 





Motor control panel for a Barnesdril honing machine made 
from standard Allen-Bradley control units listed in the Allen- 
Bradley Handy Catalog. 


hs 
BULLETIN 849 BULLETIN 802T 
“On-Delay Adjustable Lever 
Pneumatic Timer Oiltight Limit Switch 


PVRS) aa 


r & 


BULLETIN 709 BULLETIN 700 BULLETIN 800T E : 
Riiaeaite ' Universal Type Oiltight Push Button Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
Solenoid Starter Solenoid Relay Station In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 





the charac- 


rectifiers. 


Industry.” Described are 


teristics of silicon in solar 
batteries, transistors and other devices. 
Also discussed are methods of fabricat- 
ing various devices. The 20-page mono- 
graph predicts an increase in the use 
of Silicon from 10,000 lb in 1956 to an 
estimated 100,000 Ibs in 


Aries Laborateries, Inc. 


five years. 


Circle No. 162, Reader Inquiry Service Cards 
preceding back cover 


WORM-GEAR-DRIVE APPLICATIONS 
—Entitled, “Finger Tip Facts on Cleve- 
land Worm Gear Drives and their ap- 
plication to Mechanical Power Trans- 
Bulletin No. 145 
useful summary information on a com- 
plete standard line of speed reducers, 


mission,” provides 


worm gear sets and special units. The 
Cleveland Worm & Gear Co. 


Circle No. 163, Reader Inquiry Service Cards 
preceding back cover 


TRANSISTORIZED TEST EQUIPMENT 
Fully Model 500 Wave- 


form Generator is a self-powered port- 


transistorized, 


able signal source for rapid response 
tests in the audio and video regions. 
Mimeographed bulletin points out ad- 
vantages resulting from rugged, printed 
and the derated 
components Applications: evalu- 
ation of networks, filters, audio and 
video amplifiers, among others. Panel 


circuit construction 


used, 


controls are referred to appropriate cal- 
ibration scales so that a full description 
of the output waveform is always avail- 
able. Cubic Corp. 


Circle No. 164, Reader Inquiry Service Cards 
preceding back cover 


LABORATORY POWER SUPPLIES The 
three laboratory supplies described in 
an illustrated brochure provide up to 
eight standard both 
positive and negative, from volts 
d-c to 100 d-c. They 
range of current capacities from 2 
milliamps to 6 amp. Regulation on 
each of the supplies is maintained at 
better than +5 per cent for all output 
voltages; and ripple voltage is kept to 
than 0.5 per cent 
rms. Electronic Instruments Div., Bur- 
roughs Corp. 


voltage outputs, 
400 
cover a 
) 


volts 


a minimum of less 
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FABRICATING EXTRUDED ACRYLIC 
SHEETS—-Fabrication data for Cadco 
extruded acrylic sheets are presented 
in bulletin EX-101, which points out 
the advantages of the extruded sheets 
—produced as colorless transparent and 
white translucent material in thick- 
nesses from .060 to .125 in. Test. tables 
and present information on 
handling, machining, forming, cement- 
ing and annealing. Also included is a 
property table and four pages of light 
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pipe 


Digital Indicator (left) can display a possible 
16 characters and is about half the size of 
the alpha-numerical Indicator (right) which 
displays 64 characters. 


ss, 


PE 


INDICATORS 


for Data Display 
Storage and Transfer 


— Digital and Alpha-numer- 
ical Indicators are electro-mechani- 
cal, D.C.-operated readout devices 
for displaying characters in accord- 
ance with a predetermined code. 
The character display may be made 
to suit the users’ requirements. 

Indicators are designed for plug- 
in mounting in a row so that data 
or messages of any desired length 
can be stored, displayed or trans- 
mitted at will. The indicators can 
be applied to the output of dig- 
ital computers, teletype receiving 
equipment in conjunction with a 
buffer storage unit, telemetering 
systems, or wherever data needs to 
be displayed. 

An important feature of these in- 
dicators is their inherent storage 
and transmitting characteristics, 
which provide for data entry and 


retransmission. The indicators 


can 


be used to accept data from a 


source, free the source for o 


ther 


programs, and disseminate the data 
from one indicator to another as 


required. 
Two 


interesting 


applications: 


The Alpha-numerical indicator is 


being used in data display eq 
ment for flight control built 
CAA wherein data enters the 


uip- 
for 


sys- 


tem by keyboard or via teletype at 


60 words a minute, or from mag- 


netic drum storage at speeds u 
1000 words per minute. 


p to 


The Digital Indicator is being 


used in pipeline remote control 
tems, for displaying and sto 


sys- 


ring 


telemeteral data such as tempera- 
ture, pressure, flow, etc. in a cen- 


tral office. Write for Bulletin 
1011 for further information. 


GENERAL APPARATUS SALES 


“2 


Sa Oe 
Cavett 
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new glamour in the kitchen 


with NICKELOID METALS 


Pre-Plated Metals Offer Design Freedom, Production Savings! 


transmittance charts, including com- 
parison with cast sheet. Cadillac Plas- 
tic & Chemical Co. 


Circle No. 166, Reader Inquiry Service Cards 
preceding back cover 


COMMERCIAL GLASS PROPERTIES 
Completely revised 16 page bulletin, 
“Properties of Selected Commercial 
Glasses (B-83),” lists several new 
glasses in its property data chart. 
These include aluminosilicate glass. 
low loss iron sealing glass, fused silica, 
and radiotron tube and capacitor glass. 
Mechanical, thermal, electrical and 
chemical properties of glass are dis- 
cussed and viscosity temperature curves 
for several commercial glasses included, 
as well as data on heat transmission. 
Corning Glass Works. 


Circle No. 167, Reader Inquiry Service Cards 
preceding back cover 


MAGNETIC SHIFT REGISTER ASSEM- 
BLY BITS—Individual assemblies for 
custom fabrication of magnetic shift 
registers for computing, telemetering 
and communications equipment are de- 
scribed in Technical Bulletin No. 140. 
consisting of four pages. Using two 
assemblies per bit, the MRC Unit 
Cubes form a variety of shift register 
configurations with serial and/or paral- 
lel read-in and/or read-out. Two types 
are available. Magnetics Research Co. 
Circle No. 168, on Reader Inquiry Service Cards 


Beautiful, easy-to-clean built-in range by Oakland Foundry, Belle- preceding back cover 
ville, Ill., features Nickeloid pre-plated chrome steel, satin finish, 
for door panels, oven, burner inserts, control panel and hood. 


More Than A Metal-—It’s A Method 


THERMISTOR CATALOG —Wafer, rod, 
and bead thermistors are described in 
a 10-page bulletin listing typical ap- 


Oakland Foundry, Belleville, Ill, a leading 
manufacturer of electric ranges, puts it this way: 
“We were unable to fabricate the alternate ma- 
terial without new tooling. Nickeloid Metals have 
increased our production, reduced rejects and 
lowered the costs of our product”. 


If you are caught between increasing manu- 
facturing costs and the constant consumer de- 
mands for new and improved products, consider 
Nickeloid Pre-Finished Metals. An extremely 
versatile design material, they fit right in with 
standard production techniques, without major 
retooling — lower manufacturing costs and equip- 
ment investment because they require no clean- 
ing, post-plating, polishing. You just fabricate 
ana assemble — and save! 


Choose from beautiful, durable finishes of 
chrome, nickel, copper or brass on steel, zinc, 
copper, brass and aluminum. Sheets, strips, coils. 


plications and circuitry. Each type of 
thermistor is illustrated with diagrams 
and charts indicating models and their 
corresponding characteristics and size. 
Included is a table showing the resist- 
ance ratio versus temperature to com- 
pute thermistor resistance at specified 
temperatures. Thermistor Div., Gulton 
Industries, Inc. 


Circle No. 169, Reader Inquiry Service Cards 
preceding back cover 


MATERIALS SELECTION CHART—Help- 
ful application and descriptive informa- 
tion, including data on adhesives, coat- 
ing and sealers, has been included on 
a new industrial materials selection 
chart. The chart is divided into six 
sections, including Epoxy Resins (ad- 
hesives, casting compounds); Plastics 
(adhesives, sprays, and coatings) ; Syn- 
thetic Rubber (adhesives, coatings and 
sealers); and Latices (adhesives and 
coatings). Miracle Adhesives Corp. 


RCO ae SEND FOR FREE SAMPLER-SELECTOR Circle No. 170, Reader Inquiry Service Cards 
preceding back cover 


SINCE 1898 Contains 8 actual metal samples, plus spec- 
ifications and typical uses for Nickeloid Metals. 


SPECIFYING PRECISION SPRINGS 


AMERICAN NICKELOID CO. Factors which influence cost of spring 
PERU 3, ILLINOIS coils are the subject of a “Spring Buy- 
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New 


i 


Metal Film _" 
Resistors 


FEATURES 


* Available in 1/2 and 1 watt ratings ¢ Metallic resistive film accurately controlled and applied to 
special high quality ceramic cores ¢ Designed to surpass characteristic A of specification 
MIL-R-106098B « Low noise level independent of range * Voltage coefficient can be disregarded 


Here are molded metal film resistors that set new 
standards of performance—units that will withstand 
full load at 125° C. ambient to zero at 175° C. 
In addition to high initial accuracy, these new MIL 
type units combine a stability on load and a low, 


Small in size and weight, IRC precision metal film 
resistors can replace precision wire wound resistors 
in many applications. They are available in five 
temperature coefficient spans for maintaining or 
controlling resistance over wide temperature ranges 
controlled temperature coefficient never before They can be used where high stability must be 


available in film resistors. They also provide low obtained under difficult load and humidity condi- 


inductance and shunt capacitance plus excellent tions. You'll also want to investigate them for high 


high frequency characteristics. frequency applications. Send for complete details 


Insulated Composition Resistors 
Deposited and Boron Carbon 
Precistors @ Power Resistors @ 
Voltmeter Multipliers ¢ Ultra HF 
and Hi-Voltage Resistors 


Low Wattage Wire Wounds 
Resistance Strips and Discs ¢ 
Selenium Rectifiers and Diodes ¢ 
Hermetic Sealing Terminals @ In- 


sulated Chokes © Precision Wire 
Wounds @ Potentiometers 


SEND TODAY FOR COMPLETE DETAILS 


| NTERNATIONAL RESISTANCE CO . Dept. 223,401N. Broad St., Philadelphia 8, Pa.; In Canada: International Resistance Co., Ltd., Toronto, Licensee 
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The accuracy, uniformity and toughness 


“ss 
: p, | | nl of Wisconsin Porcelain Co.’s ceramics 
' gives you a closer fit, speeds assembling 


and reduces production costs. These ad- 


vantages make Wisconsin ceramics 
ma e especially suited to automatic and semi- 


automatic assembly processes. 


And their superior physical character- 


e 
C i istics give you best results for permanent 
electrical insulation. 


If your components call for porcelain, 
—that help refractory, steatite or filter body parts — 


send us a sample or blueprint and tell us 


to simplify your requirements. We will be glad to 


your 


quote prices and delivery. 


Servi ng Electr ical and Ele tronic 
Industries since 1919. 


Production WISCONSIN 
Problems PORCELAIN (J) COMPANY 


SNAPPER 
GLASS RELAYS 


ommercial ap 


a 


Perr ae 


AMPLIFIERS 


designed to 


rs 


eT s 
control 


115 Market St. 
Sun Prairie, Wisconsin 


eee re ir | 
Pent 


Specify the Curtiss-Wright SNAPPER” 
Thermal Time Delay Relay 


Dependable “SNAPPER” Thermal Relays by Curtiss- 
Wright provide unfailing snap action in countless electrical 
circuit applications involving time delay. In every control 
phase, “Snapper” Relays eliminate chatter, have single-pole 
double throw contact and a wide temperature range (—65°C 
+ 100°C). Preset time delays from 3 seconds to 3 minutes 
are now available in metal envelope and from 5 to 60 seconds 
in glass envelope. Write for our new detailed data sheet 
with complete application information. 


0S@i 00) ewe ibi le). ©) 
Component 

= UE 
Department 


CORPORATION + CARLSTADT, N. J 


er’s Guide.” Many topics are discussed 
in the terms of their effect upon spring 
cost. including manufacturing  stand- 
ards, price and quotation methods, 
realistic spring tolerances, types of 
spring ends, finishes, and many others. 
Performance and cost comparisons of 
various spring materials are presented 
in convenient tabular form. Included is 
a glossary and data on a complete line 
of conventional and special spring prod- 
ucts. Hunter Spring Co. 


Circle No. 171, Reader Inquiry Service Cards 
preceding back cover 


HUMIDITY TEST CHAMBER-—Range of 
test chambers described in a series of 
bound data sheets include the A-Series 
for simultaneously altitude-temperature- 
humidity simulation. The C-Series is 
useful for low temperature laboratory 
service, while the H-Series—a group of 
humidity testing chambers—is useful in 
the range from 32 to 200 F. Also avail- 
able are test chambers for simultaneous 
temperature and vibration tests, as well 
as for other requirements. Environmen- 
tal Equipment Co. 


Circle No. 172, Reader Inquiry Service Cards 
preceding back cover 


HIGH - TEMPERATURE INSULATING 
MATERIALS—Published by a company 
that has devoted itself for many years 
to the solution of a problem of making 
mica practically and commercially ac- 
ceptable, 12-page booklet points out the 
inherent advantages of mica and avail- 
able type of company’s products. Text 
and illustrations describe both rigid 
and flexible insulating materials, in- 
cluding segment plates, laminates, tub- 
ing, and tapes, among others. Several 
series are available. Mica Insulator Co. 


Circle No. 173, Reader Inquiry Service Cards 
preceding back cover 


PERMANENT MAGNETS—Three vital 
functions of manufacturers magnetic 
engineering laboratory are described 
in an illustrusted brochure pointing out 
how a specifier can get more for his 
money with permanent magnets and 
also discusses engineering activities re- 
quired in evaluating magnetic circuit 
designs. Additional text deals with test 
methods and standards and the inves- 
tigation of basic magnetic phenomena. 
Metallurgical Products Dept., General 
Electric Co. 


Circle No, 174, Reader Inquiry Service Cards 
preceding back cover 


Postcard return cards are provided pre- 
ceding back cover as a convenience to 
the reader in obtaining further infor- 
mation on— 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 

Advertised Products 
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Another cost-saving application 


No seals protect these OILITE bearings from sand, 
gravel, grit. On the two center rollers, no additional 
lubrication is possible. Yet this OILITE-equipped 
outdoor conveyor has been in continuous operation 
under extreme weather conditions for seven years— 
without replacing one OILITE bearing. 

That’s some record! J. Cooke (Concrete Blocks) Ltd., 
of Aldershot, Ontario, one of Canada’s largest pro- 
ducers of concrete blocks, operating twenty of these 
sand and gravel conveyors, has proved the long 
wearing, money saving qualities of OILITE bearings. 


> cHRYSte, 


SLEEVE BEARINGS 
in 7th year of continuous 
operation on outdoor 
gravel conveyor... 


OILITE self-lubricating bronze sleeve bearing 


of Amplex Powder Metallurgy 


No wonder all twenty conveyors are 100° OILITE 
equipped. The company says, “‘We wouldn’t use 
any other kind.” 

What interests you? Longer product life—greater 
efficiency—lower cost? All three? Maybe Amplex 
has the answer. 

Write for detailed information about Amplex 
powder metal components—OILITE Bearings, 
Parts, Filters. Or call your nearest engineering 
representative listed in the yellow pages under 
‘‘Bearings—OILITE.”’ 


Only Chrysler Makes Oilite* 


AMPLEX DIVISION 


PRoouct 


*OILITE is a 
registered trademark 


CHRYSLER CORPORATION -« 
Representatives and dealers located throughout the world 


DETROIT 31, MICHIGAN 


BEARINGS «+ FINISHED MACHINED PARTS + PERMANENT METAL FILTERS «+ FRICTION UNITS + FERROUS AND NON-FERROUS METALS 
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STOP 


Set Screw ene 
Wire anam Albiies —~7 2. 


(aia aa 
NU- CUP cives a better 


bite for greater holding 
power on small dia. shafts! 


42% 
0 
‘ Sharper point angle / 

/ 60° x 
Setko exclusive Nu-Cup set screws end shaft 
slipping on even small shafts. The sharper 
point...42 sharper than conventional 
cups...takes a better “bite”. On small 
shafts, this gives a full circle impression, 
greater resistance to reversal with the same 
setting torque you're now using. And, Nu- 
Cup set screws are made of alloy steel, 
specifically heat treated to make higher 
setting torques possible... assurance against 


screw head cracking. 


Automation ...Setko Nu-Cup set screws 
can be hopper-fed! The new Setko System 
for hopper teeding headless set screws will 
orient and teed Nu-Cup set screw 


as #2 (.08 i: 4"). 


s as small 


Available in Popular Types . 


Fluted Socket Hexagon Socket Slotted Head Stabbed Head 


MAKE THIS NU-CUP* 
COMPARISON TEST.. 


You're under no obligation when you test 
Nu-Cup’s greater holding power for yourself. 


. FREE 


Nutcracker Test Tongs 

with complete instructions and 
sample Nu-Cup set screws will be 
loaned on request. Setko will also 
send a free copy of Catalog 21 
with complete details on Nu-Cup 
set screws, and Setko’s new System 
for hopper feeding headless set 
screws 


maes ospatepuananp oaneees = 
u get exact y wh aty 4 
ed, when you need it 


*U S. Pat. 2,778,265 


crevy 
& b4tg.Co. 


12 Main Street, Bartlett, Illinois 


Editorial Reprints 


\s manuscripts are projected for pub- 
lication in each of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELecrricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown 
on postcards incorporated in the Reader 
Inquiry Service Cards facing back cover 
page. Readers should circle those num- 
bers indicating the reprints desired. 


issue 


REPRINTS NOW AVAILABLE 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages 
Revised specifications for the appli- 
cation of electrical apparatus to 
machine tools, furnaces, presses, 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit 
March 1957. Single reprints, no 
charge. Multiple quantities obtain- 
able at the following prices: 5— 
$3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York. 

(224) 


Relay Design Targets, June 1957, 12 
pages. Report of the 5th Electro- 
Magnetic Relay Conference held at 
Oklahoma A & M College in April 
deals with relay design, application 
and testing. Much of the latter has 
to do with selection of relays for 
reliable operation under extreme 
conditions of shock and _ vibration 
such as encountered in missile cir- 
cuits. (217) 


Applications for Glass Materials and 
Components, June 1957, 8 pages. 
Glass as an engineering material is 
discussed in three broad classifica- 
(1) Structural applications; 

components; and (3) special 

purpose materials. Properties are 
summarized, applications analyzed, 
illustrations and property data 


provided. (216) 


| Capsule Calculus, May 1957, 20 
pages. A refresher course for the 
older engineer, taught from a sim- 
ple logical standpoint. Detailed 


tions: 
(2) 


If multiple quantities of these re 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities. 
special quotation. 


a 


Cost of 
Single Subject Reprints 

No. of Numbers of pages 

Reprints 4-12 16-32 
] Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 


proofs and elaborate examples are 
omitted in favor of easily followed 
discussions. Part I discusses basic 
principles of differentiation; Part IT, 
integration, and Part III interpreta- 
tion of equations involving time 
and motion concepts. (227) 


Review of Environmental Test Equip- 
ment, May 1957, 8 pages. Points to 
consider in selecting environmental 
test equipment. Manufacturers of 
environmental test equipment and 
their products are listed for ready 
reference. (218) 


Considerations in Testing Thermistors, 
May 1957, 8 pages. Proper meas- 
urement techniques for design and 
acceptance testing of thermistors. 
Methods are described for deter- 
mining resistance, voltage, time 
delay, and temperature-resistance 
slope. (215) 


Temperature Rise in Servo Motors, 
April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature 
rise specifications, and a discussion 
of basic heat transfer laws. Ex- 
amples worked out. Tables of 
thermal conductivity and heat trans- 
mission included. (234) 


Characteristics of Metal-Clad Lami- 
nates, April 1957, 8 pages. Results 
of a Navy-sponsored National Bu- 
reau of Standards investigation 
dealing with the following majo: 
characteristics of metal-clad lami- 
nates used in printed-circuit design 
Current-carrying capacity; surface 
and volume resistivities of coated 
units; dielectric constant and dis- 
sipation factor under various tem- 
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Ti MIL-Line Precision Resistors 


HOLD TOLERANCE...EVEN WHEN DRIPPING WET! 


Soaking wet, dried out, or ‘shook up’ — TI MIL- ... for improving the reliability and saleability of 
Line deposited carbon resistors still far exceed your products, the moisture resistance of TI 
MIL-R 10509B...emerge from one acceptance deposited carbon MIL-Line resistors is just one 
test after another — by major electronics manu- field-proven factor. You also get a choice of 1, 
facturers — with performance records that have 2, or 5% tolerances... high stability over wide 
not been equalled. It’s the seal that makes the temperature ranges and under full load... low 
difference ...an exclusive Texas Instruments negative temperature coefficients . .. negligible 
process that snugly wraps these precision resistors voltage coefficient and noise levels . . . long shelf- 
in tough jackets of a special coating with high life... wide selection of sizes and resistance 
dialectric strength. values ... reasonable prices... and, if desired, 
For ease in design, production, and maintenance reel-type packaging for automation. 


Here is a typical Tl reel pack designed to speed production. 
TI precision deposited carbon resistors are mass produced and 
packaged in five sizes from 1/. watt to 2 watts with resist- 
ance values from 25 ohms to 30 megohms. 


For complete data, write for TEXAS INSTRUMENTS 
Bulletin DL-C 539. * INCORPORATED 


6000 LEMMON AVENUE 





DALLAS 9. TEXAS 








When one of many requirements 


is DIMENSIONAL 


DIMENSIONAL STABILITY, resistance to wear, and 
treedom from carbonization were required in this 88-insert 
stator in the emitter assembly of the IBM 46 Tape-to-Card 
Punch. Stator is Durez diallylphthalate has 
inserts and center ring molded in. 
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STABILITY... 


Dimensional Stability plus 
HEAT RESISTANCE 


These, combined with fine electrical properties, 
make Durez phenolics preferred for countless 
applications. Illustrated: mounting base for 
King-Seeley’s new Chef-O-Matic range surface 
element temperature control 


get 


the , Dimensional Stability plus 


DURABLE SURFACE LUSTER 


Smooth operation of the lens tube on the 
Wollensak Automatic Slide Projector is assured 


re — by molded-in threads that meet exacting toler- 
O eC ! oe atl ances. It’s engineered for attractive appearance 


in lustrous black Durez phenolic. 


Dimensional Stability plus 
CHEMICAL RESISTANCE 


Print conveyor bearings molded 
of nylon-flock-filled Durez phenolic 
operate submerged in Photostat 
Photographic Processors, withstand 
the effects of processing solutions 
and the wear of rotating metal shafts. 


DUREZ PLASTICS 


It’s obvious that you just can’t stop with one outstanding property—or even two 
or three—when you're looking for a plastic to solve a design problem.. 

improve a product.. -hold the cost line. This is why the Durez thermosetting 
plastics are a gold mine of ideas for design engineers. 


Durez offers balanced properties in a great variety of useful combinations. 

For close-tolerance components resistant to impact, heat, water and chemicals...and 
wherever good electrical characteristics are essential... count on success with 

Durez phenolics. Their batch-to-batch uniformity and excellent molding behavior 
permit design in intricate shapes s and hold down cost. Many are formulated for 
easy preforming and molding in automatic machines. 


Where very high volume resistivity and arc resistance are required, investigate 
the Durez diallylphthalate materials. 


For data and information keep in touch with your molder...call on our field 
engineering service...or let us send you our monthly “Plastics News.”’ 


Plastics that Fit the Job 


DUREZ PLASTICS DIVISION Puy 


CHEMICALS 
HOOKER ELECTROCHEMICAL COMPANY wTtee 


1306 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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We'll Build 
a MOTOR 
to your 


specifications 
at NO 


OBLIGATIO 


Put the Scruggs reputation 
for ingenuity and skill to 
your test. Send us your 
specifications and we’ll 
design a custom motor to fit 
your needs at a standard price. 


For more than twenty years 

Scruggs has concentrated on 

the development of precision 
instruments to fit the specific 

needs of manufacturers. 

High production 

standards allow us to 
produce them at LOYD 
standard costs. Se tcc 


You’ll find Scruggs 

motors outstanding in 
construction and lasting 
qualities. Let us “‘tailor 
make’”’ a motor to fit 

your needs... write 

Loyd Scruggs Co., Festus, Mo. 


ae a COMPANY 


FESTUS, MISSOURI 


peratures and frequencies. Typical 
test data are charted including a 
special design guide showing basic 
relationship of current to temper- 
ature rise for various cross-sectional 
areas of copper. Metal-clad Jami- 
nates investigated include  glass- 
mat-epoxy; paper-base phenolics; 
glass-mat Teflon; _ silicone-glass; 
melamine-glass; and nylon-base 


phenolic. (226) 


Effect of Radiation on Semiconductors, 
April 1957, 12 pages. Graphical 
presentation of performance deg- 
radation of typical semiconductors 
as a result of exposure to various 
levels of particle bombardment. 
Data is presented which aids in 
predicting interim behavior as ir- 
radiation progresses so that proper 
application and circuit design can 
be made to obtain acceptable oper- 
ation within desired limits. (204) 


Developments in Polyethylene Insula- 
tion, March 1957, 12 pages. Sum- 
mary review of new developments 
and trends in polyethylene insula- 
tion, particularly for wire and cable. 
The effect of current research in 
catalyst and radiation chemistry on 
development of new types of linear 
and modified nonlinear resins, as 
a complement to existing nonlinear 
materials, is traced. Expanded areas 
of applications are explored. Design 
problems are analyzed in terms of 
property characteristics of both the 
standard and the new materials. 
Typical property data and applica- 
tions reports are included. (233) 


Preferred Circuits, March 1957, 20 
pages. A two-part staff report on 
the program sponsored by Navy 
BuAer and undertaken by the 
National Bureau of Standards to 
evolve reliable circuits for common 
functions in Navy aeronautical 
equipment. These preferred circuits 
are designed to replace the many 
existing configurations to effect sav- 
ings in design time, maintenance, 
training, and stocking. Circuits de- 
scribed include regulated power 
supplies, a blocking oscillator, a 
pulse cathode follower, and phan- 


tastron delays. (230) 


Signal Pickoffs for Control Systems, 
March 1957, 16 pages. Two-part 
article dealing with basic theory of 
operation of six major types suitable 
for furnishing input and feedback 
signals for controls operations, in- 
cluding resistance, electrolytic, ca- 
pacitive, piezoelectric inductive and 
photoelectric types. (214) 


Timed Acceleration of D-C Motors, 
March 1957, 12 pages. Three elec- 
tronic control circuits for program- 
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TE el TL 
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Ce Te 


tinct a a Pe ay ss Tet eee, a 


& 75 cents per |b. 


in Stainless SHEET Costs! 


Now you can SAVE $215 per ton 
in base price alone! 


Many designers and fabricators who are 
currently using Type 302 stainless can, in 
numerous applications, specify Type 430 
straight chromium stainless and take 
advantage of the 1034 cents per pound 
difference in base price. Some of our 
customers are already saving more than 
$215 per ton using our 430 MicroRold 
stainless sheet. 

The steel industry estimates that 50% 
of all stainless sheet applications could 
satisfactorily employ Type 430, the least 


expensive of all stainless grades, as an 
economical and practical material. When 
properly applied, Type 430 has all the 
desirable qualities of beauty, corrosion re- 
sistance, strength, long life and low main- 
tenance that no other material, except 
stainless, can offer. 

We are currently producing our 
MicroRold Type 430 sheets up to 48” 
wide in thicknesses .005” to .109” with 
2B or 2D finishes; and in thicknesses 
.010” to.109” in No. 3,4 and 7 finishes. 


Send for Your copy, “Care and Use of 430 MicroRold Stainless Steel” 


Washington Steel Corporation 


6-BB WOODLAND AVENUE, WASHINGTON, PA. 
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. * . | ming linear acceleration and decele- 
Creative Papers from the mills of Mosimee@ | miss tccrny ie tnotors 
; = closed-loop drive systems: (1) For 

..- are custom-tailored to specific needs linear acceleration during startup 
.. particularly the electrical industry's only; (2) for linear acceleration and 
deceleration at same rate during 

starting, stopping and speed chang- 

ing; and (3) for linear acceleration 

and deceleration at independent 

rates during starting, stopping and 

speed changing. (213) 


He beak ed 
to ae 

ioe 
i ioe 
SeSac 


: 


_ Magnet Design: Two Practical Ap- 
proaches, February 1957, 8 pages. 
(1) Estimating leakage factors for 
permanent magnets, and unsatu- 
rated electromagnets, from geome- 
try of magnetic circuits; (2) Figur- 
ing air gaps for maximum pull of 
opposing (push-pull) electromag- 
nets. (212) 


A Reliability Approach to Thermal 
Design and Evaluation, February 
1957, 8 pages. Techniques for 
determining equipment cooling re- 
quirements in terms of reliability 
goals for electronic components. 
The techniques permit an efficient 
thermal design for a predetermined 
mean life. Methods are presented 

me for evaluating developmental and 

Arrestor pads are designed for fast, flexible / , : ee De : final models in terms of the effect 


installation. When filled with paint solids, Fame nacmalm ee of the thermal design on relia- 
they can be easily and inexpensively replaced. “ys Ps mx. bility. (211) 


. = 

| 
Ke a 
Ki Se 


| 


PoC 


r 


Static D-C References for Closed 


Trapping dangerous paint spray sts.“Socteh fine 


terms the operation of voltage- 


7 regulator circuits using magnetic 
with | honeycomb of paper amplifiers, silicone diodes and tran- 
sistors. Simple equations are de- 
ReseEARCH Propucts Corp., Madi- knew just where to go for the paper rived for use in actual design of 
son, Wisconsin, produces arrestors to meet their specialized require- reference-voltage sources and_ in 
that trap non-used paint sie both ments — examinmg the performance of the 
solids and volatiles—in paint spray- Mosinee! Perhaps there’s a job completed circuit. (208) 
ing operations, Slit and expanded that Mosinee sulphate paper can 
flame-resistant paper are used to do equally well for you. If there is, Resistor Evaluation for Critical Ap- 
fabricate these highly efficient ar- __ there’s no better way to discover it plications, January 1957, 8 pages. 
restors. Sandwiched together, the _ than by talking with a Mosinee con- Techniques for determining toler- 
sheets form thousands of tiny paint sultant. And there’s no time like ance stability, and stamina require- 
traps to protect both property and the present for setting the wheels ments, and for derating available 
equipment. in motion by filling out and mail- 


= " : : resistors of various types for specific 
This research-minded company __ ing this coupon. P A 


applications. Examples are based 
on resistors manufactured to speci- 


fication MIL-R-10509A. (207) 


r PAPER MILLS ‘ Magnetic Materials Push Back Design 
} “Stops,” January 1957, 20 pages. A 
4 ) COMPANY wy: five-part staff report on the com- 


mercial significance of new or im- 

a  <—— =a see se proved Permanent Magnets, Soft 
MOSINEE PAPER MILLS CO., Dept. EM-6, Mosinee, Wisconsin Magnetic Materials, Ferrites and 
Please furnish details on how you can create special papers to meet our needs. Thin Films; Test Methods and 

| Apparatus and Devices and Com- 
— TITLE ponents disclosed at the second 
| sien national AIEE Conference’ on 
eS Magnetism and Magnetic Mate- 

CITY z ; a rials. (206) 
| ADDRESS Encyclopedia of Insulating Materials, 
j — December 1956, 12 pages. The 
—— << — a = [—< aus Gun Gum Gums Guu au al | organization and basis of a compre- 
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A permanent band of tough spring-steel wire encircles the clip, 
giving a tighter grip for a more positive contact with either 
knife or ferrule types of fuses. Ilsco wire-reinforced 

fuse clips and jaws are made to withstand the 

excessive vibration and shock found on 

many jobs. Ilsco fuse clips also assure: 


Ilsco wire-reinforced Increased conductivity ...they’re 
clips are available in made of 100% electrolytic copper, 
plain copper finish or with cold-worked to preserve its 
cadmium or nickel plating. inherent properties. 


Complete information, prices, and Up to 12% cooler 


samples available on request. Write Dept. F-6. ~ operating temperature 


sf 


“~ 
Tagmu ILSEO 


SOLDERING LUGS © STAMPINGS * TERMINAL BLOCKS 
SHADING COILS ¢ WIRE-REINFORCED FUSE CLIPS CORPORATION 
4730 Madison Road e Cincinnati 27, Ohio 
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GUDEBROD 
BROTHERS 

ARE 

PIONEERS 

IN FLAT 

& BRAIDED 
TAPES OF 
NYLON, 
DACRON, 
TEFLON. 
WAX—COATED, 
FUNGUS~—PROOF, 
HEAT—RESISTANT. 


Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some resist 
high temperature, some are 
color-coded ... and they come 
wax-coated or wax-free .. . 
rubber-coated . . . or with spe- 
cial coating. Gudebrod makes 
many tapes for many pur- 
poses, including defense work. 
Send us your lacing problems 
or your specifications . . . we 
can supply the answer to both. 


GUDELACE + GUDE-NYLACE 
GUDELACE H + TEFLACE 


GUDEBROD BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 W. 34th St., New York 1, N. Y. 


EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa. 
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Research 


hensive manual on electrical insu- 
lating materials being developed 
under sponsorship of the Inter- 
national Electrotechnical Commis- 
sion. The manual (called officially, 
“encyclopedia”) is geared to current 
broad developments and aimed to 
facilitate the practical engineering 
specification of such materials for 
optimum design use. Examples of 
detailed group charts of compara- 
tive properties from the proposed 
encyclopedia are reproduced. (202) 


Amplifier-Less Synchro System, De- 


cember 1956, 8 pages. An exposi- 
tion of the general approach being 
chosen by servo designers in an 
attempt to lower the cost of servo 
systems. Described in detail is a 
relay technique eliminating the 
need for servo amplifier, damping 
network and servo motor. (205) 


Digital Codes for Numerical Control, 


December 1956, 12 pages. Coding 
techniques for numerically pro- 
grammed machine tools, computers, 
supervisory control and automatic 
data-logging; Baudot printing tele- 
graph code; punched-card system; 
self-checking codes; Gray code; and 
others — plus decimal-binary-Gray 
code conversion. (201) 


Progress in Dielectrics — 
1956, November 1956, 12 pages. 
On the spot interpretation and re- 
view of the round table discussions 
and formal papers presented at the 
1956 Conference on Electrical In- 
sulation. Subjects covered include 
dielectric properties of solid and 
gaseous materials; reports on studies 
in electrical breakdown; d-c meas- 
urements; new developments in sili- 
cone and glass materials; trends in 
very high temperature and radia- 
tion-resistant materials; thermal 
degradation of materials.“ Graphs 
and tables included. (210) 


Clinch Nuts for Thin Materials, No- 


vember 1956, 8 pages. Selection 
and application factors for self- 
clinching as well as staked-type 
captive nuts for use in thin soft 
materials such as aluminum alloys. 
Results of torque and tensile tests 
are tabulated for various thread 
sizes and panel thicknesses. Effect 
of installation pressure is also dis- 
cussed and shown graphically. (203) 


Magnetic Amplifiers in Power Servos, 


November 1956, 8 pages. Study of 
prototype servo system using mag- 
netic amplifiers for field control of 
two back-to-back 3%-hp servo mo- 
tors for military positioning, appli- 
cation (antenna array) indicates 


* eae 
SWEET K & J MUSIC 


has charmed 
many a tough customer 


We've been working with plastics 
for thirty years—and those of our 
customers who came in with a lion’s 
roar have settled down to a steady 
purr of satisfaction with K&J service. 

They like our integrated engineer- 
ing, mold making and molding serv- 
ice; our keeping delivery promises to 
meet their tight production sched- 
ules; our engineering help which often 
results in design changes that mean 
better performance and lower cost. 

Let’s get better acquainted. Our 
brochure, “A Service to Users of 
Compression Molding” will give you 
the whole story. 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, N.J. 
Represented by 


S. C. Uliman 
$3 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 
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dependable 
.\e)]°1 4 speed control 


@ high response 


Adjustable Voltage Multi-Motor 
Package Drive is ideal for many industrial 
applications. Self-ventilation keeps unit clean, mini- 
mizes maintenance. 


Every one of the design features of the Allis-Chalmers 
Adjustable Voltage Package Drive assures you an easy, 
dependable means of power conversion. 


Key to Package Drive dependability is the use of a 
magnetic amplifier to excite the field of the power unit 
m-g set. Sturdy and simple, this amplifier has no mov- 
ing parts to wear out ...no fragile components to be 
affected by vibrations. AND — there’s no wasteful 
“warm-up” time needed. At the turn of a dial, you 
get immediate speed control. 


Cost-saving assembly 


M-g set and control components are assembled in the 
power unit enclosure at the factory — saving you in- 
stallation costs. Enclosures used for 30 through 200-hp 
units are completely collapsible and may be easily 
disassembled without loss of rigidity. Larger units 


® no fragile parts 
@® high shock resistance ® no maintenance 


Size 3 
Adjustable 
Voltage Power 
Unit 

rated 30 hp, of 
standard construction. 
Magnetic amplifier 
excitation provided. 


have separately driven blowers to provide positive ven- 
tilation and pressure even when unit is idle. 

Available in units from 5 to 200 hp, the package 
drive is ideal for any application requiring adjustable 
speed. Contact your nearby Allis-Chalmers sales office 
or write Allis-Chalmers, General Products Division, 
Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 
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potential application to machinery 
control. (209) 


Applying Miniature Lamps, October 
1956, 12 pages. Selection factors for 
miniature incandescent and neon 
or argon glow lamps as pilot lights, 
indicators, warning devices, dial 
illuminators: lamp _ identification 
and construction; life and voltage 
relationships; temperature _limita- 
tions; impact and vibration strength; 
light reflection, transmission and 
refraction. (232) 


Magnetic Switching Circuits, October 
1956, 8 pages. A typical rectangular 
hysteresis loop is broken down into 
linear sections to develop the 
mathematical basis for contactless 
magnetic switches. Includes a sug- 
gested circuit for a magnetic se- 
lector switch for thyratron control 
with provision for monitoring the 
set state of the magnetic core. (An- 
notated bibliography included.) 

(229) 


Analyzing Relay Networks, September 
1956, 8 pages. Switching in a com- 
plex relay network may cause sud- 
den changes in circuit inductances 
that result in spuriously generated 
currents, thus upsetting the planned 
switching sequence. The principle 


~ 


method of checking a circuit de- 


“US ie sign for these unexpected phenom- 
ae pa Ml: pstiid . ena. Typical relay circuits are so 


, eX Sve IIR 
Jo & =P 9 a , , ’ analysed. (228) 


F 
S RK EST iy: yA AN ee m\ of constant flux linkages is one 


& 


Boolean Algebra for Switching Cir- 


ee . 95 age - 

M series-100 Volt to 400 Volt PIV -.5 Amp. DC cults, August 1056, € pages. Sum 
marizes the fundamentals of Boo- 

L and LF series-100 Volt to 400 Volt PIV -1.5 to 5 Amps. DC lean algebra as they apply to manual 


N series - 50 Volt to 400 Volt PIV -.5 to 1 Amp. DC switching circuits. Shows, by ex- 
ample, how to reduce complex 
switch arrangements to their sim- 
Q series - 50 Volt to 400 Volt PIV - 7.5 to 15 Amps. DC plest form—eliminating by simple 


mathematics redundancies _ that 
SM series - 800 Volt to 2800 Volt PIV -.325 to.450 Amp. DC might not be obvious to the eye. 


R series - 50 Volt to 200 Volt PIV - 20 Amps. DC a28) 


P series - 50 Volt to 400 Volt PIV -1.5 to 5 Amps. DC 


S series - 50 Volt to 200 Volt PIV-35 Amps. DC 
V series - 50 Volt to 200 Volt PIV-100 Amps. DC 


@698009609 


1N1150 Full Wave Silicon Tube Replacement Rectifier (4 pin base) 
1600 Volt PIV -.75 Amp. DC (Replaces types 80, 82, 83V and 5Z3) 


Write for complete information 


Multiple Reprints 
Multiple Reprints (reprints or com- 
la 4s RECTIFIER DIVISION tip prints (reprint 


pendiums into which are combined 


Address: Dept. M-2 several separate articles on the same 


a WA a n or related subjects) are available at 
ame-} 415 N. COLLEGE AVE., BLOOMINGTON, IND. the nominal prices indicated in each 


'N CANADA. 700 WESTON R8D., TORONTO 9, TEL. ROGERS 2-7535 EXPORT: AD AURIEMA, INC., NEW YORK CITY li ting Orders must be accompanied 
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nothing ean touch this winding 


Oil, acid, vapor, heat and pressure don’t affect this AC motor 
winding. It’s completely encased in a special, high-tempera- 
ture, chemical-resistant plastic. The windings are cast right 
in the plastic to make a single, solid, impervious piece. 


Of course, this winding goes into a special motor — one that’s 
designed to run in a pressurized atmosphere of inert gas, under 
constant exposure to a piping-hot oil splash and vapor at over 
200°F. Temperature-stabilized bearings, oil lubricated under pres- 
sure, and drip-proof, corrosion-resistant Construction are some 
other design necessities for this unique 115-volt, 1/3 hp AC motor. 


Here is a typical example of ESCO’s unusual ability to design 
and build rotary electrical equipment to meet special customer 
needs. Whether or not your particular motor problem is this 
special, remember that ESCO’s more than forty years of experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen to solve properly, the way you want it solved. 


Refer to Esco Catalog in section = in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 
to show you how we would go about solving it for you. 


whGEQr 2. 
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WATERPROOF 
MOLDED COILS 


Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in_ green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as_ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. E For Complete 
Details 


by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations, and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do's and 
don’t,’ and other practical design 
aids are provided. Several articles 


DELUXE COILS, INC. 
Post Office Box 364 O 


give detailed bibliographies. 


Wabash, Indiana $2.50 








Electrical Insulation and Dielectrics— 
1955. (Problems-Materials-Applica- 
tions.)—136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Practical Circuits for Grid Control of 
Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. 
E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers; 


| 
| 
| 
| 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


hop Talk 


TAT COR FIBRE Ci. 


Plants in Norristown, Pa. and La Verne, Calif. 


PHENOL IC— MELAMINE—SILICONE—EPOX Y LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 


Tips for designers 


| 
Back plate on an automobile headlight switch, 
punched and machined from Taylor Grade XP 
paper base laminate, has low moisture absorption 
and good dielectric strength. 


Vise jaw caps,made of Taylor Grade C phenolic 
laminate, are easily cut and machined to shape. 
Marring of precision or delicate parts is eliminated. 


J g ‘ ) 


Self-balancing servo motor has stator case 
insulator which is cold-punched from Mas" thick 
Taylor Paper Base Phenolic Laminate sheet. 


Flippers for loose-leaf binders are made of 
economical Taylor Vulcanized Fibre . . . affording 
added rigidity and good protection for the paper 
pages. 


TAYLOR SUPERIOR 
COPPER-CLAD LAMINATES 


Taylor GEC (glass epoxy) 
Copper-Clad and Taylor XX XP- 
242 cold punching (paper- 
phenolic) Copper-Clad. Taylor 
uses high purity rolled copper 
on base materials with out- 


standing electrical properties. 


Time switch, made by the Tork Clock Co., uses two Taylor products . . . the 
deadfront is made of vulcanized fibre for its insulating properties, shock pro- 


tection and printability . . 


. the mounting panel of the clock is made of 


Taylor laminate XP-1-231, chosen for high strength and good punchability. 


Have an Insulation Problem? 


Taylor will provide the answer... 


Select from Taylor’s complete line of 


materials—laminates and vulcaniz- 
ed fibre—to get the right combina- 
tion of electrical, physical and 
machining properties for your prod- 
uct. And, if you have a unique 
problem, Taylor will develop a 
special material to meet your re- 
quirements. 


For example, rigid requirements for 
insulation materials in the Tork 
Clock Company’s Time Switch were 
met by two Taylor materials—a 
laminate and vulcanized fibre. The 
mounting panel is made of Taylor 
laminate XP-1-231, especially for- 
mulated for the high strength and 
good punchability requirements of 
this application. In addition, Taylor 
vulcanized fibre serves as the dead- 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


front—a shockproof cover removed 
only for installation and _ service. 
Fibre was chosen for its insulating 
properties, shock protection, and 
printability. 


Taylor materials are developed to 
meet the need for dependable, 
moisture-resistant insulation. They 
have high dielectric and mechanical 
strength, and maintain original 
characteristics over long periods of 
time, under severe operating con- 
ditions. When you choose—and use 
—Taylor products, you’ll have per- 
formance with stability. 


Taylor application engineers can 
help you obtain the Taylor material 
that matches the exact requirements 
of your product. Contact your near- 
est Taylor sales office. 
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HEAVY DUTY, 


multiple circuit switch 
for machine tools 


ACRO “DUO-SNAP” 


HIGH ELECTRICAL RATING—2 horsepower, 230 volts A.C./1 
horsepower, 115 volts A.C./ pilot duty, 20 amps, 250 volts A.C. 


LONG LIFE— Many millions of cycles mechanical life. Consult 
factory for maximum electrical life. 


SCREW TERMINALS— Easy installation. 


MULTIPLE CIRCUITS—Up to 4 separate circuits in one switch, 
permitting at least 6 circuit arrangements. 


AVAILABLE TYPES 


Catalogue No. No. of Terminals 
242-0004-03 Four Circuits 2 Closed 
2 Open 
Double Circuit 1 Closed 
1 Open 
Double Circuit Normally 
Closed 
Double Circuit Normally 
Open 


242-0005-03 
242-00 13-03 


242-00 14-03 


The famous ACRO rolling spring principle assures positive 
snap action in this multiple circuit switch developed especially 
for rugged service in the machine tool industry. Get full 
information on it now. Write for the new ‘‘Duo-Snap” 
Switch Bulletin. 


halt 
\\\ ) | 

® CONTROLS COMPANY 
Me. Contrets 


ACRO DIVISION © Columbus 16, Ohio 
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and the application of interphase 
transformer windings to multiple 
rectifier systems. $2.00 


Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
sign and analyze a simple servo. 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design; 
linear analysis; impact-momentum 
analysis; and the phase-plane meth- 
od of servo analysis. $1.56 


Multiple Reprints 
at Quantity Prices 


Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 
Title 5 25 
Electrical Insulation and 
Dielectrics—1955 ; 2.56 
Servo Series 35 1.25 
Thyratrons 75 1.50 
Human Engineering 2.25 2.00 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 


Postcard return cards are provided 
preceding back cover as a con- 
venience to the reader in obtaining 
further information on— 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 


Advertised Products 
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60-CYCLE CURRENT ratings of six round copper tubes in terms of weight per foot. 


How to carry more amperes per pound of copper 


THIN-WALL TUBES with low wall-thickness-to-diameter ratio offer 
decided electrical advantages—and opportunities for cutting bus 
costs—wherever mechanical requirements permit. The charts 
above and at the left show the 60-cycle skin-effect phenomenon 
characteristic of six representative sizes of round copper tube, 
1.5” to 4.0” O.D. The curves cover the entire range of wall 
thickness from solid round rods, at the right, to the thin-walled 
tubes in common use at the left. What is true of round tubes is 
also true of other tubular bus shapes. 


INSTALLATION ECONOMIES. \When round tubular bus conductors 
can be selected in thin-wall sizes from the standard pipe dimen- 
sion schedules, it is possible to effect further economies by the 
use of stock sizes of supports, connectors, tap clamps, and other 
necessary hardware available in great variety in dealers’ stocks. 

More complete information on tubular conductors is available 
in the Sixth Edition of The American Brass Company's Publica- 
tion C-25. This 62-page booklet has a wealth of general informa- 
tion on the properties ot copper conductors—plus convenient 
data for the most commonly used sizes of all types of rigid bus 
conductors. 


TECHNICAL SERVICES. Anaconda specialists are available to help 
you in the solution of technical problems involving the use of 
Anaconda Bus Conductors. For such service, or for a copy of 
Publication C-25, see your nearby Anaconda representative. Or 
write: The American Brass Company, Waterbury 20, Conn. sz 


THE INFLUENCE of wall thickness on the 60-cycle cur- ® 
rent rating of six round copper tubes. 


COPPER CONDUCTORS 


Made by The American Brass Company 


THERE’S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


ALL td aE ROUND TUBES [| SQUARE TUBES ag sho 


Perey Tait t) ala 
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How Alcoa Aluminum 
Fasteners make good 
awnings even better 


Alcoa® Aluminum Fasteners 
guard your reputation for qual- 
ity aluminum awnings. They in- 
sure against both galvanic and 
atmospheric corrosion. They 
provide perfect color match and 
lasting good looks. Specify Alcoa 
Fasteners for assembly and in- 
stallation. Your local Alcoa dis- 
tributor carries complete stocks 
for every requirement. He is 
listed in the Yellow Pages of 


your telephone directory. 


THE ALCOA HOUR 
~~) TELty nS FON ve DRAMA 
bi ALTERNATE NDAY EVENINGS 


ALCOA ©. 
ALUAMINUAA 
FASTENERS 


+. Uernum Commame OF amenren 


Your Guide 
to the Best in 
Aluminum Valve 


Fill out coupon for facts, samples 


Aluminum Company of America 
2241-F Alcoa Blidg., Pittsburgh 19, Pa. 


Gentlemen: 
Please send complete specification data 
and samples of Alcoa Aluminum Fasteners. 


Name___ 
Title___ 
Company__ 
Address___ 


eee ee eee ee ae 


Association Activity 


Papers on Magnetic Materials 

Sought By Upcoming Conference 
Conference on Magnetism and Mag- 
netic Materials to be held on November 
18-19-20. 1957 at the Hotel Sheraton- 
Park, Washington, D.C., will bring to- 
gether those interested in basic and 
applied work on magnetism. 

The Conference is sponsored by the 
American Institute of Electrical En- 
gineers in corporation with the Ameri- 
can Physical Society, the American 
Institute of Mining and Metallurgical 
Engineers. the Institute of Radio En- 
gineers, and the Office of Naval Re- 
search. 

Authors should submit titles of pro- 
posed papers by July 1 and abstracts 
by August 15. 

Papers on the following subjects 
will be particularly welcome: Garnets. 
hexagonal oxides, cobalt-doped ferrites 
and other new materials; thin films; 
modes, line 
widths, and nonlinear effects; aniso- 
tropy, magnetostriction, and magnetic 
annealing; switching phenomena, in- 
cluding reversal mechanisms and 
square loop materials: 


ferromagnetic resonance 


masers, non- 
reciprocal devices, as well as_para- 
magnetic and ferromagnetic properties 
related to their development. 

In addition, metallurgy and magnet- 
ism, fine particles, structure studies, 
instrumentation and other topics em- 
phasized at the 1956 Conference are 
of continued interest. 

Programs. containing abstracts of 
all papers, will be distributed before 
the meeting. 

For further details, write to L. R. 
Maxwell. U. S. Naval Ordnance Lab- 
oratory, White Oak, Silver Spring, Md. 


Committee Heads Selected 
For 1957 WESCON 


Leadership of committees handling 
overall functions of the 1957 Western 
Electronic Show and Convention 
(WESCON) has now been established. 
according to Donald B. Harris, general 
chairman of the event and manager 
of electron tube research, General 
Electric Microwave Laboratory, Palo 
Alto, Calif. 

Plans are under way for the indus- 
trial show and_ technical sessions. 
which will be held at San Francisco’s 
Cow Palace next August 20-23 in- 
clusive. 

Chairman of the Technical Program 
is Dean A. Watkins, Stanford Elec- 
tronics Laboratory, Stanford Univer- 
sity; the Chairman of the Interna- 


tional Program is Karl R. Spangenberg, 
Stanford Electronics Research Labora- 
tory, Stanford, University; Chairman 
of the Future Engineers’ Show is 
Stanley F. Kaisel, Litton Industries. 
San Carlos. 

Chairman have also been selected 
for the All-Industry Luncheon, Visi- 
tors’ Housing, and other phases of 
the activity. For further information. 
write to WESCON, 342 North La Brea. 
Los Angeles 36, Calif. 


RETMA Expands Automation Activities 


In a recent meeting at the New York 
Office of the Engineering Department 
of the Radio Electronics Television 
Manufacturers Association, it was de- 
cided to change the Staff Committee 
on Automation to a panel to be called 
the Panel on “Automation Equipment 
and Computers.” 

The growth of the Automation Com- 
mittee, its subcommittees, one sub-sub- 
committee and numerous task groups 
made this a desirable step since it 
permits the increase in status of pre- 
vious 


subcommittees to committee 


standing. 


ASA Releases Proceedings of Seventh 
National Conference 


Entitled, “Standards Are Everybody’s 
Business,” the Proceedings of The 
Seventh National Conference on Stand- 
ards contains papers presented by 
thirty-three engineers, scientists and 
other industrial leaders, who discussed 
the vital role of standards in industry 
at the Hotel Roosevelt, New York, late 
in 1956. 

The Seventh National Conference on 
Standards was held in conjunction 
with the Thirty-Eight Annual Meeting 
of the American Standards Associa- 
tion. “Standards to Prevent Death and 
Destruction — Everybody’s Business” 
was among the topics explored in a 
series of papers. 

Other papers and panel discussions 
dealt with “Application Guides in 
Specifying Steels”: “After the Stand- 
ard—What Next?”: and a series of 
panel discussions and papers on 
“Where Are We in Screw Thread 
Standardization?” 

“Cost Reductions Possible Through 
Drafting Practice”: “International 
Standards”; and “Standards Are 
Everybody’s Business” were among the 
other papers delivered. 

Contents of the Proceedings, which 
contains approximately 100 pages. are 
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A versatile DC supply 
for men who design 
or test electrical and 
electronic equipment 
prototypes 


Do you design or test “prototypes?” If so, and you’re 
seeking a laboratory source of high-current DC voltage, 
it will pay you to use the “DC Solavolt.” It’s a moder- 
ately-priced, adjustable, regulated dc power supply that 
provides unusual stability with intermittent, variable, 
or pulse loads. Output voltage is regulated to within 
+1% though supply voltage may vary as much as 
+10%. Ripple is held to 0.1% or less. 


Electrical specifications of the six stock “DC Sola- 
volts” available appear in the table below: 


All Inputs 100-130 volts, 60 cps 


Geisiins Regulated Rated Lendings Ripple* 
Number Adjustable ___in Amperes Voltage— 
COMPACT, CONVENIENT three-high stacking of the new adjustable of Output At max. At min. % of 
Sola Constant Voltage DC Power Supply is shown in the typical Stock Voltage Voltage Voltage Total 
laboratory bench setup above. Below, engineer “dials” specific Units Range Setting Setting Output 


test voltage desired from each of the three standard models of 28510 5.35 7.0 7.0 0.10 
DC Solavolts” shown. 


28520 25-60 4.0 6.0 0.05 
28530 30-90 2.8 4.0 0.04 
28540 60-180 1.4 2.0 0.03 
28550 150-250 1.0 ie 0.02 
28560 250-400 0.6 0.75 0.02 





Figures in this column cover ripple voltages measured at full rated load 
and input of 115 volts 


Along with these laboratory standards of perform- 
ance, the DC Solavolt offers compactness, low weight, 
high efficiency, and high short-time overload capacity. 
All stock models occupy only 7” of height and 121,” of 
depth on a standard 19” relay rack frame. There are 
no tubes to replace, no compensating adjustments are 
needed, and no maintenance is required. Carrying han- 
dles, available as accessory equipment, provide ‘‘one- 
man” portability and self-stacking. Your local electronic 
distributor, who stocks the DC Solavolt, will be happy 
to give you further information. 


Write for Bulletin 6F-DC-245 
SOLA ELECTRIC CO. 
4633 W. 16th Street, Chicago 50 


AS 


CONSTANT VOLTAGE TRANSFORMERS © LIGHTING TRANSFORMERS ® CONSTANT VOLTAGE DC POWER SUPPLIES 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35: 103 E. 125th St., TRafalgor 6-6464 
PHILADELPHIA: ag ont! Trust Bldg., Rittenhouse 6-4988 © ion 272 Centre Street, Newton 58, Mass., Bigelow 4-3354 © CLEVELAND 16: 
19115 Detroit Rd., son 3-2223 @ KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23: 3138 E. Olympic Bivd., ANgelus 
9-9431 @ SOLA euEcTRIC (CANADA) LTD., TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 @ Representatives in Other Principal Cities 
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~ select 
the right 
pilot light 


Johnson pilot lights 
immediately available 
for original equipment or 
in-the-field replacement! 


Save valuable specification time by 
selecting your panel indicators from 
Johnson’s “‘preferred”’ line. This group 
contains over 47 separate assemblies 
carefully selected from Johnson’s stand- 
ard line by many of the nation’s top 
design and development personnel. 
Available in a wide variety of types, 
these “‘preferred”’ units are immediately 
available at parts distributors through- 
out the country, for original equipment 
or in-the-field replacement. Write for 
your free copy of Johnson’s newest pilot 
light specification catalog —see how easy 
it is to select the right pilot light .. . fast! 


Available types in- 
clude: continuous 
indication neon 
types; models for 
high and low volt- 
age incandescent 
bulbs; standard or 
wide angle glass 
and lucite jewels 
in clear, red, green, 
amber, blue or 
opal. Specials, in- 
cluding those 
meeting military 
specifications are 
also available in 
quantities, 


New pilot light catalog 
— contains complete 
specifications, prices 
and technical data 
everything you need to 
select the proper unit 
for original equipment 
or in-the-field replace 
ment 


EF. Johnson Compan, 


i& 2013 Second Ave. S.W. « Waseca, Minnesota 
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Calendar of Meetings 


June 2-5 Annual Meeting, The 
American Society of Refrigerating 
Engineers, Hotel 
Miami Beach, Fla. 


Fontainebleau, 


June 14—Regional Technical Con- 
ference on “Plastics for Electronics,” 
New England Sections of the Society 
of Plastics Engineers, to be held at 
the Lowell Institute of Technology, 


Lowell, Mass. 


June 16-21 60th Annual Meeting, 
American Society for Testing Ma- 
terials, Chalfonte-Haddon Hall, At- 
lantic City, N.J. 


June 17-19—First National Con- 
Military Electronics: 
Sponsored by Professional Group on 
Military Electronics of the IRE., 
Sheraton Park, Washington, D.C. 


vention on 


June 24-28 


American Institute of Electrical En- 


Summer Meeting of 


listed under ten headings. Copies may 
be obtained from DED-3, American 
Standards Association, 70 East 45 St., 
New York 17, N. Y. They are priced 
at $4.00 a copy. 


Missiles and Electronics On Agenda 
At Washington Meeting 


National Convention On Military Elec- 
tronics has been organized by the In- 
stitute of Radio Engineers through its 
professional group on Military Elec- 
tronics, in an effort to provide an op- 
portunity for the assembly of technical 
and management specialists concerned 
with all phases of military electronics, 
as well as to view exhibits of the prod- 
ucts of manufacturers of military elec- 
tronic equipment. 

The first National Convention is 
scheduled for June 17-19. at the Shera- 
ton Park Hotel, Washington, D.C. 

Theme of the convention will be: 
“Missiles and Electronics.” 

Sessions will be devoted to Instru- 
mentation and telemetry; Mechanical 
design for reliability: and circuitry and 
subsystems. Other sessions will be de- 
voted to precision ranging and _ track- 
ing as well as to consideration of com- 
ponents and electrical interference 
and supression. 

Papers will also be delivered at other 
sessions covering test equipment and 
simulation 


maintenance; equipment 


gineers, Sheraton - Mount 


Hotel, Montreal, Que. 


Royal 


June 27-29 —Thirteenth Annual 
Meeting Institute of Navigation, 
Sheraton-Park Hotel, Washington 5, 
D.C. 


Aug. 20-23—WESCON (Western 
Electronic Show and Convertion) ; 
Sponsored by the San Francisco and 
Los Angeles Institute of Radio En- 
gineers and West Coast Electronic 
Manufacturers Association, Cow Pal- 
ace, San Francisco. 


Sept. 17-18—Symposium on Nu- 
merical Control Systems for Machine 
Tools (Electronic Control & Data 
Processing). Sponsored by Radio- 
Electronics-Television Manufacturers 
Association, with participation by 
other groups, to be held at the 
Ambassador Hotel, Los Angeles, 
Calif. 


(confidential) ; and reliability, perform- 
ance and methods. 

Four of the technical sessions are 
classified; these sessions are being ar- 
ranged with the assistance of various 
agencies, of the Department of Defense 
and under the sponsorship of the Office 
of Naval Research. Only those individ- 
uals who are actively engaged in a 
classified contract with an agency of 
the Department of Defense will be 
eligible for admission, subject to con- 
firmation of clearance and need-to-know 
requirements. Additional information 
on these sessions may be obtained from 
the Office of Naval Research, Code 810 
(Security Office) Building T-3, Room 
1811. 17th and Ave., 
Washington 25 D.C. 


Constitution 


Wescon Schedules 46 Regular Sessions 
For August Meeting and Show 
Due to the substantial support of the 24 
professional groups supporting the tech- 
nical program of the Western Elec- 
tronic Show and Convention (WES- 
CON) meeting at San Francisco’s Cow 
Palace August 20-23, 46 regular ses- 
sions are scheduled for the convention 
side of the Meeting. 

More than 200 papers are expected to 
be delivered. four or five at a session. 

Tentative plans call for a compre- 
hensive evening session on the subject 
of Controlled Nuclear Fusion Research, 
to be approached from its electronics 
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now... 
announces 


New Clevite Germanium - Silicon Alloy 
Gold Bonded Glass Diodes, now available 
for immediate delivery. 


Better high temperature performance than CLEVITE 
germanium. 


Higher forward conductance at lower volt- 
ages than silicon. 


All germanium RETMA specifications can 
now be met at higher temperatures with 


these new Germanium-Silicon alloy diodes... 
plus increased reliability at all temperatures. 


For complete information write or phone for 


Engineering Bulletin B-215. TRANSISTOR PRODUCTS 


241 Crescent St., Waltham 54, Mass. TWinbrook 4-9330 


(y 


r | 


Lao a Soe eae 


Cleveland Graphite Clevite Harris Clevite A Division of Clevite Corporation 
Electronics Co Bronze Co. Products Inc. Clevite Ltd. Research Center 
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a SEND FOR FUSED QUARTZ—FUSED SILICA 
DATA FILE 


Se ee ee did 


CENTER FOR HIGH-PURITY FUSED QUARTZ 


The Amersil processes for producing and fabricating fused 
quartz and silicaware of critical purity, simplify your prob- 
lems in securing the precise laboratory or industrial equip- 
ment reovired for your production. 
Standard apparatus, crucibles, trays, cylindrical contain- 
ers in a complete range of sizes and tubing (up to 25” 
diam.) are available for early delivery. Amersil engineers 
are available to assist in developing special equipment to 
ROTOSIL individual requirements. Your inquiry is invited. * * 


OPTOSIL 


HOMOSIL AMERSIL 


ULTRASIL COMPANY. 1Nc. Bebdeseeeias 


AND QUARTZ 
685 RAMSEY AVE., HILLSIDE 5, NEW JERSEY 


ENOELAHA RO (NOUS TRIES 


your FREE booklet 


is ready 


Design engineers, does electricity operate 
your products? Here is a concise, easy to 
read booklet with facts. Tells why PRINT- 
ED CIRCUITRY is now the most logical 
and economical means for you to connect 
components of an electrical circuit. Telis 
how Croname can assist you. Serious 
about your work? Then write today! 


_ -— op ue Am € 


| es. es, a ee ae alt. et tae =) 
1769 GRACE ST. CHICAGO 13, ILLINOIS 


other Croname products - - - 53 years of leadership 


Nameplates, dials, panels, escutcheons, mechani i 
° . , , sms, light assemblies, masks, 
bezels, cabinets, control panels, decorated glass, CroRoto embeoses 
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engineering aspects. Other areas of ac- 
tive technical interest to be reviewed 
include: Aeronautics and Navigation 
Electronics; Automatic Control; Cir- 
cuit Theory; Component Parts; and 
Electronic Devices; and Electronic 
Computers, among many others. 

Other participating _ professional 
groups include those on Military Elec- 
tronics; Production Techniques; Tele- 
metry and Remote Control; and Ultra- 
sonics Engineering. 


Lubrication Engineers Select 
R. L. Leslie for Office 


R. L. Leslie, supervisor of hydrauli: 
fluids research, of Vickers Inc., De 
troit, has been appointed Chairman of 
the Hydraulics and Hydraulic Ma- 
chinery Committee of the American So 
ciety of Lubrication Engineers. 

Mr. Leslie, who joined Vickers in 
1956, served in various research and 
engineering capacities related to his 
interest for fifteen years. He holds a 
bachelor of science degree in chemical 
engineering from Wayne State Univer- 
sity and a master of science degree 
from the University of Michigan. 


MPA Picks New President 

At the Metal Powder Association’s 13th 
annual meeting held earlier this spring 
at the Drake Hotel, Chicago, Dr. George 
\. Roberts, vice president of Vanadium- 
Alloys Steel Co., Latrobe, Pa. and past 
president of the American Society for 
Metals, was elected president and board 
chairman. 

At that meeting Dr. Roberts stressed 
the accomplishments of MPA during 
the year and pointed out that to serve 
the interest of its members—a record- 
making number of 77 companies—the 
organization of the Association has been 
decentralized. Greater economy has 
been given to the co-operating divisions. 
such as the Fabricators Division, the 
Producers Division, the Electronic Core 
Division and the Ferrites Division. 


Montreal Is Host To June Meeting of 
North American Engineers 

More than 2500 engineers and scientists 
are expected to attend the five-day Sum 
mer Meeting of the American Institute 
of Electrical Engineers, meeting for the 
first time in a decade in Montreal. 
June 24-28, at the Sheraton-Mount 
Royal Hotel. 

Many of the papers will report on 
Canadian studies and advances in vir- 
tually every phase of electrical engi- 
neering and the allied arts. Other 
papers will be delivered by US, Mex- 
ican and Canadian authors on radio 
communications, dielectrics, magnetic 
amplifiers, computers, and research and 
industrial control. 

Of particular interest will be an 
opening day session dealing largely 
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You can expect extremely long life from 
Skinner Solenoid Valves. Here’s why... 


In the lab shown above, dozens of Skinner valves are 
life-cycled 24 hours a day, 7 days a week, at speeds as 
high as 600 cycles per minute. It is here that we try 
out new designs, new materials, new construction 
methods. It is here that we test the stability of our 
welded joints . . . the resistance to burnout of our coils 
...the effectiveness of our positive spring returns... 
the better seal we obtain by eliminating packings. And 
it is here we find positive proof of Skinner valves 


getting over 20,000,000 cycles without leakage. 


Service records of many millions of trouble-free cycles 
indicate that these constant laboratory tests are worth- 
while and necessary to assure outstanding performance 
on critical applications. 


For complete information on Skinner’s line of 2-, 3- 
and 4-way valves, write us or contact a Skinner 
representative. Write Dept. 386. 


Skinner Solenoid Valves are distributed nationally 


a 
V 


ELECTRIC VALVE 
DIVISION connecricur 





announces new 


RIMPOT models 
for quick assembly 


130 TRIMPOT ’ 
solder-lug type em 


You can solder your hook-up wire direct to this instrument, and eliminate 
splicing. Terminals are standard flat, slotted lugs to provide fast, secure 
connections. 

The silver-plated solder lugs are extremely rugged. Instrument is not 
affected by soldering iron temperatures. 


205 |RIMPOT’ 
for 


printed circuits Soa 


Round pin terminals on this unit may be plugged into holes in your 
printed circuit boards for dip soldering. Terminals are gold-plated copper, 
14," long, .028” diameter, and spaced in multiples of 0.1”. Mounting is 
accomplished by 2-56 screws through body eyelets, or by pins only. 


BOTH UNITS PROVIDE a usable potentiometer range of 98%, and low residual 


resistance either end, 0 to 1%. Low temperature coefficient wire is utilized in 
the precision wirewound resistance elements. 


in all other design features, these instruments are similar to the original Model 
120 TRIMPOT. Each is subminiature in size (14%" x 4" x 4%"), and weighs only 
0.1 oz. Other characteristics include 25-turn screwdriver adjustment, self- 
locking shaft, and excellent performance under extreme shock, vibration and 
acceleration. Units meet or exceed most government specifications. Delivery 
from stock on standard resistances. Send for Bulletins 130 and 205. 


COPR. BL 


OQURNS LABORATORIES, INC. 


General Offices: 6135 Magnolia Ave., Riverside, Calif. 
Plants: Riverside, California—Ames, lowa 


TRIMPOT e LINEAR MOTION POTENTIOMETERS e PRESSURE TRANSDUCERS AND ACCELEROMETERS 
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with the Canadian Transcontinental 
Mocrowave system and papers concern- 
ing nucleonics by members of Atomic 
Energy of Canada, Ltd., and the Na- 
tional Cancer Institute of Canada. 

The United States will also con- 
tribute to the program on _ nuclear 
energy with several papers by members 
of the Naval Research Laboratory. 

The 73rd Annual Meeting of AIEE, 
to be held on the first day of the Meet- 
ing. will be marked by the announce- 
ment of 1957-58 officers and presenta- 
tion of the 1956 Lamme Medal to Dr. 
H. H. Beverage, director of the Radio 
Research Laboratory, Radio Corpora- 
tion of America. 

The meeting will be presided over 
by Institute President M:-S- Ceever. 


UL Elects Officers 


At the annual meeting of Underwriters’ 
Laboratories, Inc., held in Chicago on 
April 26, all the active trustees and 
officers of the corporation were re- 
elected and vacancies filled. The 
Trustees also enlarged the executive 
staff by electing Guy E. Manning, Vice 
President and Chief Engineer, and Karl 
S. Geiges. Vice President at the Santa 
Clara, Calif. office. 


Cleveland To Get New Engineering Center 


With an anchor to windward in the 
form of the largest financial commit- 
ment of its type to be made in Cleve- 
land since the 1930’s, the Cleveland 
Engineering Society is proceeding with 
the construction of a $1,525,000 Engi- 
neering and Scientific Center on Ches- 
ter Avenue near East 30th St. 

The new structure will provide ade- 
quate meeting facilities for more than 
53 engineering and technical groups, 
and through its overall program of in- 
dividually organized activities will be 
a Center for continuing technical edu- 
cation. 


Aircraft Electrical Equipment on Display 
Oct. 24-25 in Los Angeles 

The 14th Annual Display of Aviation 
Electrical Equipment, conducted by 
the Aircraft Electrical Society. will 
be held Oct. 24-25 in the Pan Pacific 
Auditorium. Los Angeles. 

The 1957 display is expected to 
attract more than 15,000 invited guests 
from all segments of the aircraft elec- 
trical industry. An _ estimated 200 
equipment manufacturers will partici- 
pate. Many of them are expected to 
take advantage of the occasion to un- 
veil new products. Attendance will be 
limited to persons interested in air- 
craft electricity. Each exhibitor will 
be provided with invitations. which 
will also be sent to other societies in- 
terested in the field, including the 
American Institute of Electrical En- 
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A Transformer becomes a precision device 
with Allegheny Magnetic Materials in the core 


“TRANSFORMER LAMINATIONS” 


84 pages of valuable technical data 
on standard and custom-made lam- 
inations from all grades of Allegheny 
Ludlum magnetic core materials. 
Prepared from carefully checked and 
certified laboratory and service tests 
—includes standard dimensions, 
specifications, weights, etc. Sent free 
on request . . . ask for your copy. 


ADDRESS DEPT. EM-90 


*% ALLEGHENY SILICON STEEL 


* ALLEGHENY 


45( 


* ALLEGHENY MUMETAL 


The operation of a transformer is no 
better than the magnetic core around 
which it is built. With Allegheny mag- 
netic materials in the core, you get the 
best—uniformly and consistently. 
Sure there are reasons why! For 
one thing, there's the long experience 
of a pioneer in development and 
quality control of electrical alloys. 
But most important, the A-L line 
offers complete coverage of any re- 
quirement you may have, any service 


specification. It includes all grades of 


silicon steel sheets or coil strip, as 
well as Allegheny Silectron (grain- 


oriented silicon steel), and a wide 
selection of special high-permeability 
alloys such as Allegheny 4750, 
Mumetal, etc. 

In addition, our service on mag- 
netic materials includes complete 
lamination fabrication and heat treat- 
ment facilities. What’s more, this 
extensive experience in our own lam- 
ination stamping department is a 
bonus value for all users of A-L 
electrical sheets or strip. @ Let us sup- 
ply your needs. Allegheny Ludlum 
Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pa. 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 
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WHEN SECONDS 
COME FIRST! 


‘ee | : ; 
Ca : 3 60 ) ¢ / 


TL 
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RECORDERS 
Rely Upon... 


For efficient, dependable control that 
results in famous Lathem Accuracy! 


The Lathem Time Recorder Company of Atlanta, Georgia 
selected Bristol Motors over all others to control the timing 
devices that make Lathem Time Recorders outstanding for 
accuracy... accuracy that saves Lathem users valuable time 
and money! 

The Bristol motor that answers the special needs of the 
Lathem Recorder is the Bristol High Torque model #444. 
No costly designing. And this motor successfully withstands 
shock, vibration. and other stresses. It also provides quiet, 
long-life operation. If seconds come first with you, too... 
see Bristol first! 


BRISTOL MOTOR DIVISION 
VOCALINE COMPANY OF AMERICA, INC 
8 COULTER STREET, OLD SAYBROOK, CONNECTICUT 


gineers, Institute of Aeronautical Sci- 
ences, Society of Automotive Engi- 
neers, and the Institute of Radio En- 
gineers. 

The Aircraft Electrical Society is 
a nonprofit organization designed to 
promote recognition of aviation elec- 
tricity while providing a medium for 
the interchange of ideas and_infor- 
mation. 


ASTM Releases Provisional Program 
for 60th Annual Meeting 

Thirty-two sessions on thirteen widely 
varied fields of materials technology 
will be reviewed by the American So- 
ciety for Testing Materials at its 60th 
annual meeting, to be held at Atlantic 
City June 16-21. Included in the thirty- 
two sessions are five symposiums in- 
cluding one on Large Fatigue Testing 
Machines and Their Results, and Radi- 
ation Effects on Materials. Papers will 
be presented on Non-Ferrous Metals, 
Steel, High Temperature, Miscellane- 
ous Testing, and other topics of im- 
mediate interest. 

The Marburg Lecture will be given 
by Everett Partridge, director, Hall 
Laboratories, Pittsburgh, on industrial 
water. 

The Gillett Lecture will be presented 
by Alvin J. Herzig, president, Climax 
Molybdenum Company of Michigan. 
His title is, “A Perspective of Molyb- 
denum Base Alloys.” 

Headquarters hotel for the session 
will be the Chalfonte-Haddon Hall. 
Rooms are available there and at 
nearby hotels. 

Further information may be obtained 
from the American Society for Testing 
Materials, 1916 Race Street, Philadel 
phia 3, Pa. 


Plastics For Electronics 


The first annual regional technical 
conference of the New England sec- 
tions of the Society of Plastics Engi- 
neers, Inc., will hold a conference on 
plastics for electronics at the Lowell 
Technological Institute, Lowell, Mass.., 
Friday, June 14. 

Papers will be selected from such 
areas of active interest as: Dilectric 
Insulation: Potting, Encapsulation & 
Impregnating; Housings for Electronic 
Equipment; and Conductive Plastics 
for Electronics. Included among the 
ten categorys are such additional topics 
as: Silicones in Electronics; Plastics 
for Printed Circuits; and Fluorocar- 
bons in Electronics. 

Registration fee, including lunch, is 
$7.50. General Chairman of the event 
is Ralph L. Mondano, Raytheon Man 
ufacturing Co. 
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HOW THE SULICONIES QHWADD HELPED... 
Light up the life of a double-decked commuter 


Greater comfort for commuters ... and increased 
efficiency for railroads in these double decked 
coaches now in service on the Chicago and North 
Western Railroad. Brighter, roomier, air condi- 
tioned ... and passenger capacity more than dou- 
bled. Problem? Greatly increased power demand 
but no more space for motor generating equipment. 
Solution? Class H insulation with Silicones. 

The engineering staffs of Waukesha Motor Com- 
pany and Harnischfeger Corporation, cooperating 
with the C&NW, designed and built a Class H 
svenerator using UNION CARBIDE Silicones as the 
insulating resin. Silicones stand up under tempera- 
tures and loads that break down other insulating 
materials. The result is a unit no larger than those 
rhe term “Union Carbide” is a registered trade-mark of UC( 

In Canada: Bakelite Company, Division of 


Union Carbide Canada Limited, Belleville, Ontario. 


previously used, but supplying suflicient power to 
meet the new demands plus any overload condition. 

This is another example of how the UNION 
CARBIDE Silicones Man has helped solve an “impos- 
sible™ problem. To obtain more information on 
the many advantages of silicone insulation, a book- 
let—“Class H 


Silicones 


Insulation with UNION CARBIDE 
is available by writing to Dept S-O 
Silicones Division, Union Carbide Corporation, 30 


East 42nd Street. New York 17, N. Y. 


UNION 
CARBIDE. SILICONES 





OVER 50% 


PUNCHING HOLES IN 
EXTRUSIONS, SHAPES 
AND ANGLES! 


WALES “C-E” TYPE SELF-CONTAINED TOOLING 


Hole Punching of formed and extruded shapes, is a simple 
operation with WALES self-contained C-E type tooling. 
Punch, die and stripping mechanism are all integral parts of 
the unit. Alignment is automatic! 
The same tooling may be used in 
any pattern and the set-up is FAST. 
A wide variety of units is available 
to fit almost every hole punching 
need. WALES C-E type tooling is 
a must for economy minded shops. 
A few of the many shapes and 


extrusions punched with WALES 
C-E units 


SEND FOR BULLETIN No. 12E 


WALES TF ge ON 


NIT OF HOUDAILLE INDUSTRIES, INC 


ovate th NEW YORK Specifications, illustrations 


WALES-STRIPPIT OF CALIF., SOUTH GATE, CALIF. and data to help you 
WALES-STRIPPIT“OF CANADA LTD., HAMILTON, ONT solve the toughest 


ent) OT ASE) is the PLUS-PROFIT way” bole punching probleme. 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 


mentioning ELectricAL MANUFACTURING 
as your source, 


EPOXY ENGINEERING GUIDE Com- 
plete tabulation of physical and elec- 
trical properties for nine different pot- 
ting resins, as well as graphs of 
properties of more than forty different 
Epoxylite compounds and curing agents 
are presented in a new 7000-word book- 
let. Entitled, “How To Engineer With 
Epoxies—A Guide To The Use Of 
Epoxylite Resin Compounds For The 
Electrical And Electronics Industry,” 
the guide contains a special section 
devoted to Epoxylite high temperature 
resins which, when cured, give heat 
distortion temperatures up to 600 F. 
Useful engineering reference data are 
also included; special section on the 
application and handling of epoxy res- 
ins are presented. Copies of the booklet, 
priced at $1, may be obtained singly by 
writing on company letterhead to Dr. 
Henry L. Lee. The Epoxylite Corp., 
10829 East Central Ave., El Monte, 
Calif. 


TUBE MANUAL—Data on 1,593 tube 
types are contained in the revised and 
enlarged seventh edition of General 
Electric’s tube handbook, “Essential 
Characteristics.” The 228-page book 
provides information on 299 recently 
introduced special-purpose, receiving, 
and cathode-ray tubes. The 1019 basing 
diagrams reproduced are so arranged 
that it is unnecessary to turn pages 
to determine pin connections for any 
particular type. A plastic ring binder 
allows the book to lie open flat. Copies 
may be obtained at a cost of seventy- 
five cents from Tube Sales Section. 
Electronic Components Div., General 
Electric Company, Schenectady, N.Y. 


Postcard return cards are provided pre- 
ceding back cover as a convenience to 
the reader in obtaining further infor- 
mation on 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 

Advertised Products 
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Wixi 
AT 31055 or 


You can’t tell the age of a car by its stainless steel! 
After a thousand or two hundred thousand miles of 





driving, Superior Stainless gleams good as new. 
@ Enjoy the beauty of stainless on the cars you buy 
—costs you nothing in care, gives you everything 
in pride and pleasure! 


Superior Steel 


CORPORATION 
ec 









RCA REPORTS 
“SUBSTANTIAL SAVINGS 
on Threaded Stampings 

from Mohawk” 


By taking advantage of 

Mohawk's unique method 
of blanking, forming and threading 
in one completely automatic opera- 
tion, RCA is now able to purchase 
this special %"-20 nut at substantial 
savings over former methods of 
production. 


The threaded hole is held to any 
class fit required, so that ease of 
assembly is assured. Every part is 
usable — there are no rejects. 


Whether you now make them in 
your own plant or purchase them, you 
can make substantial savings on large 
quantities of small threaded parts, 
and at the same time get guaranteed 
uniform quality by sending prints and 
specifications or writing to: 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 


Men in Industry 


H. Donn Keresey has been elected 
chairman of the board of Anaconda 
Wire & Cable Co.. New York, and 
William E. Sprackling has been elected 
president and chief executive officer. 
Formerly Mr. Keresey was president, 
and Mr. Sprackling 
president. 


executive vice 


The company also announced the 
election of Richard B. Steinmetz as 
executive vice president, David E. Allen 


WILLIAM E. SPRACKLING 


as vice president-sales. and the ap- 
pointment of Vito F. di Lustro as vice 
president-manufacturing. Re-elected 
were Fritz L. Meeske. vice president, 
and Alvin E. Past. secretary-treasurer. 

Anaconda Wire & Cable Co. is a 
70.63 per cent-owned subsidiary of The 
(Anaconda Co. 


General Controls Co.. Glendale, Calif 
has appointed Chester S. Beard to lead 
its Control Valves and Actuators En 
gineering Division. Mr. Beard will be 
located at the Company's Western Re- 
search and Development Center, Glen- 
dale. Calif.. returning to the West 
Coast after six and a half years of 
service in the east with two engineer- 
ing companies. 


Formerly manager of the Waltham 
Laboratories of Svlvania Electric Prod- 
ucts Ine... Dr. Oliver G. Haywood, avi- 
ation and missile electronics specialist. 
has joined Emerson Electric Manufac- 
turing Co. of St. Louis as vice presi 
dent and manager of the company’s 
Electronics and Avionics Division. 


New chief engineer of Alloy Precision 
Castings Co.. Cleveland. Ohio is James 
Betts Smith, who joined the company 
earlier this year. Graduated from the 
University of Alabama as a mechanical 
engineer Mr. Smith has spent the major 
part of his professional career in the 
die casting, precision instrument and 


aircraft industries. Previous afhliations 
Alcoa 


include Sperry Gyroscope Ca... 
and Republic Aviation. 


George Chambers has joined the Elec- 
tronic Instrumentation Div., The Ramo- 
Wooldridge Corp.. Los Angeles. An 
electrical engineer, Mr. Chambers has 
had experience in airborne fire control 
systems, advanced fire control and mis- 
sile guidance systems. moving target 
indicator and receiver circuit design 


and associated systems and units. 


Norman K. Anderson hias been promoted 
to vice-president and general manager 
of the Warner Industrial Division, of 
the Warner Electric Brake & Cluteh 
Co.. Beloit. Wis. Mr. Anderson, former- 
ly vice president of sales. joined the 
organization in 1946. He had formerly 
been associated with Fairbanks-Morse 
Co. 


At Clifton Precision Products Co., Inc., 
Walter T. Runiewicz has been appointed 
chief components engineer. Previously 
he had been assigned as Project En- 
gineer in charge of precision resolvers. 
Mr. Runiewicz was graduated from 
Manhattan College with a degree of 
3.E.E. and was associated for several 
vears with Ford Instruments Co.. as 
Senior Engineer in the com- 
ponents section. In another move Clif- 
ton Precision 


Design 


Products appointed a 
new chief systems engineer, William M. 
Dunwody, who will supervise develop- 
ment and production of the company’s 
airborne navigational computers and 
equipment 


Omaton Division of Burndy Corp., 
Norwalk, Conn. has appointed Morris 
W. Leen senior design engineer and 
supervisor of its Military Products De- 
sign section. Formerly design manager 
for the Heli-Coil Corp., Mr. Leen holds 
a New York State professional engi- 
neering license. 

New chief engineer for The Teller 
Company's Special Machinery Division 
is Charles L. Zoltani, a mechanical en- 
gineering graduate of Indiana Tech- 
nical College. who will be responsible 
for the design. manufacture and_ in- 
stallation of 
automation. 


special machinery — for 


The appointment of Charles A. 
Nuebling to manager of engineering of 
the Electronics Division of Fairchild 
Controls Corp. has been announced by 
the division which is a subsidiary of 
Fairchild Camera and 
Corp... Syosset. New 


Instrument 


York. Formerly 
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For trouble-free electrolytic generator service ...use 


= TRADE-MARK 


BRUSH GRADES 


BGX 
“COPHITE” 151 


“COPHITE” 157 


m Wherever you use low-voltage gen- 
erators for electroplating — tinning, 
galvanizing, anodizing or general 
plating, you can be sure of maximum 
equipment efficiency and life with 
“National” brushes on the job. Be 
certain you have the proper brush 
grade for your specific low-voltage 
generator application. A “National” 
brush specialist will gladly offer his 
recommendations — call him today! 


These “National” metal-graphite brushes assure 
high current capacity with low-voltage drop. 


GRADE SGX — a new brush grade suitable for all 
makes of plating generators. 
“COPHITE" GRADE 151 — a well established brush 
grade for general low-voltage service. 
“COPHITE" GRADE 157 — an excellent high 
metal brush grade for heavy duty service. 
GRADE 543 — a widely used brush grade for collector 
rolls on electrotinning lines. 


UNION. 
The terms "National’”’, “Copbite’’, the Silver Colored Cable Strand and “Union Carbide”’ cmos 
are trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY . Division of Union Carbide Corporation ° 30 East 42nd Street, New York 17, N. Y. 
Sales Offices; Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 
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Bee 


PULSE FORMING NETWORKS 


Plastic 
Inc. 


Capacitors, 
manufactures 
pulse forming net- 
works with a wide 
variety of capacitor 
dielectric materials. 
For this reason the 
most economical 
network can be 
manufactured to 
operating tempera- 
tures of 125°C or 
more. 


THE NETWORK BROCHURE describes the following: @ Three lines of networks match- 
ing 50 ohms. @ Pulse rise time and how it is achieved and varied. 


@ Maximum repetition rate at 10°C internal heat rise. 


@ Maximum temperature of operation 125°C. @ Additive Network Data 


THE NETWORK BROCHURE IS INTENDED PRIMARILY FOR THE GUIDANCE 
of the design engineer to determine physical sizes and heat losses, whereby he may readily 
specify a type and make allowances for the physical size in chassis layout. 


RB 1B a CT arate 
.... Investigate MILLER-HARRIS 
ELECTRIC TIME CONTROLS 
to make your product automatic — 


improve performance — lower 


. “7 7e 
costs — increase saleability. 
More than 30 MILLER-HARRIS models available. Modifica- 
tions or combinations of existing units often provides special, 


new applications with minimum delay and tooling cost. Pro- 
duction facilities with capacities of thousands of timer units 


per day. 


Model 5P 
Portable 24 Hour 
Time Switch 


) 


Series 103 
Sequence Timers 


MILLER-HARRIS INSTRUMENT CO. 
609 EAST OGDEN AVE. @ MILWAUKEE 2, WIS. 


Series 123 
Clothes Dryer 
Timers 


Series 110 
Pushbutton Timers 


Series 116 
Appliance Timers 


Series 100 
Repeat Cycle 
Timers 


Write for 
Illustrated 


Brochure 


Model 148 
Defrost Control 


director of Electronics at the Arma 
Division of Americal Bosch Arma, Mr. 
Nuebling ran his own engineering firm 
and was also director of electronics at 


W. L. Maxson. 


Two specialists on shock and vibration 
equipment have been named by Bald- 
win-Lima-Hamilton Corp., Philadelphia 
to head a new department at the com- 
pany’s Electronics and Instrumentation 
Division at Waltham, Mass. The new 
department, to be known as the Dy- 
namics Products Group, will design 
and develop equipment for applying 
and measuring shock, vibration and ac- 
celeration. Alexander J. Yorgiadis will 
service as product manager and chief 
engineer while A. U. Kutsay will be 
assistant to chief engineer. 


To head up its newly formed engineer- 
ing branch for applications and test 
equipment in its Semiconductor-Com- 
ponents Division, Texas Instruments, 
Inc., has selected Robert L. Trent, a 
member of the technical staff of Bell 
Laboratories for sixteen years. His new 
title is Head, Circuit Development 
Branch. Mr. Trent, who has worked on 
transistors and transistor applications 


ROBERT L. TRENT 


1950, received 
education at 


since his professional 
Columbia University 
School of Engineering where he 
ceived both bachelor and master 
degrees in electrical engineering. He 
has received numerous patents for vari- 


re- 
his 


ous types of transistor switching cir- 
cuits and feedback amplifiers. This year 
he was a co-recipient of the 1957 W. 
R. G. Baker Award from the Institute 
of Radio Engineers. 


Bert McComb has been named chief 
engineer of the Engineered Magnetics 
Division of Gulton Industries, Inc. as 
chief engineer of the Division. Formerly 
associated with Ramo-Woolridge Corp., 
Mr. McComb has long specialized and 
the field of magnetic 
amplifiers and related equipment. The 
Division recently moved its facilities 
to 13030 Cerise Ave., Hawthorne, Calif. 

As product engineer of The Peerless 
Electric Company’s Electronics Divi- 
sion, Arnold Sherman will supervise 


pioneered in 
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‘ 
CTC family of kollet knobs makes set screws unnecessary 


stainless steel. Kollet knobs left to right for 


of soft brass 


3” shaft, 4" or 4%” and |" or 4". 


Three who’ll dress to please you 


CTC’s family of kollet knobs is care- 
fully made of prime materials, as are 
all CTC components. And they have 
this added feature, being in the open as 
they are: They’re good-looking and 
adaptable. 

Made of molded Tenite II in matte 
finish their metal face plates snap into 
place, completing the design and cover- 
ing the kollet locking device. You have 
a choice of ten color inserts for instru- 
ment panel coding, and can have the 
knobs with or without skirts or indi- 
cating lines. 

Reliability is the key characteristic 
of every component CTC makes. Every 
component is unconditionally guaran- 
teed in quantities from one to millions. 
Other CTC components include coil 
forms, coils, terminal boards, terminals, 
diode clips, insulated terminals and 
hardware. 

For sample specifications and prices, 
write now to Sales Engineering Dept., 


Cambridge Thermionic Corporation, 
453 Concord Ave., Cambridge 38, 
Mass. West Coast stocks maintained 
by E. V. Roberts Associates, Inc., 5068 
West Washington Blvd., Los Angeles 
16, and 61 Renato Court, Redwood 
City, California. 


CTC Panel Hardware meets or betters govern- 
ment specifications. Typical quality hardware 
shown: oval handle, adjustable handle, folding 
handle, thumb screw, plug and jack, shaft lock 
Other quality hardware includes battery clips, ter 
minal boards, diode clips, dial locks. Variety of 
finishes available. 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components 
custom or standard 
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unique locking device gives them firmer holding power under vibration and continued 
use. Circumferential pressure on shaft eliminates scoring or marring. Tremendous holding power whether on shafts 


aluminum or 











NEW A.C. MOTOR LINE 
GIVES YOU 10° 
STANDARD VARIATIONS 


From Globe you can get fast delivery 
of complete miniature power systems 
designed around new FC motors—115 
or 200 V.A.C., 60 or 400 cycles—induc- 
tion, hysteresis, or dual speed rotors, 
wound 3 phase, 2 pole or 4 pole; 2 
phase, 2 pole or 6 pole; single phase 
with a matched capacitor. Units are de- 
signed to meet MIL specs; operating 
characteristics and configuration can be 
modified. 

Package can include integral gear- 
ing, either planetary or spur. Choose 
from 102 standard ratios from 4:1 to 
3,000,000:1. Choose from 408 stand- 








324 


ard speeds. Gear units range in length 
from 1.043” to 1.953”. WRITE FOR FC 
BULLETINS. 

Globe’s small AC motor packages are 
built around units 1.07” dia., 1.25” dia., 
and the newest 1.675” dia. x 2.250” 
long. Standard modifications in type, 
winding, gearing, and performance offer 
you millions of combinations at reason- 
able cost. Globe also makes D.C. gov- 
erned and gear reduced motors, servo 
motors, actuators, timers, generators, gy- 
ros, blowers, fans, and control systems. 
GLOBE INDUSTRIES, INC. 

Dayton 4, Ohio 


FC INDUCTION 115V 400 cps 3phase 4 pole 
a er 
} } 
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FC HYSTERESIS 415V 400cps 3phase 4 pole 





development and construction of auto- 
matic control units for use with stand- 
ard punch card systems. Mr. Sherman 
has been with the Electronics Division 
of the Warren, Ohio 
its formation in 1954. 


company since 


William R. Martin has left Lockheed 
Aircraft Corp. to join the Electronic 
Specialty Co., Los Angeles, where he 
will serve as chief engineer and prod- 
uct manager of the RF Systems and 
Components Division. Educated at 
Michigan State College and UCLA, 
Mr. Martin has served as a consultant 
engineer on directional 
tems. 


antenna sys- 


Don C. Leith has been appointed vice 
president in charge of sales and en- 
gineering for Eastern Air Devices, Inc.., 
Dover, N.H. Mr. Leith comes to Eastern 
Air Devices from Fairchild Camera 
and Instrument Corp., where he served 
as general manager of the Electrical 
Products Division. In his new capacity 
he will supervise the general sales 
and engineering activities for EAD’s 
line of small rotating electrical equip- 
ment. 


Gordon Thompson, chief engineer Elec- 
trical Testing Laboratories, Inc., New 
York, has been elected vice president 
and Robert N. Lankering has been ap- 
pointed staff assistant to President 
Hoffman S. Beagle. Mr. Thompson, one 
of ETL’s original incorporators and 
directors, has been associated with the 
enterprise since 1909, except for the 
years 1920 to 1927 when he served as 
professor of electrical engineering at 
Nanyang University, Shanghai, China. 
Formerly a project engineer at the 
Cosmic Ray Laboratory of the Univer- 
sity of California, Sheldon Plotkin has 
been appointed a senior project engi- 
neer at Levintnal Electronic Products, 
Inc., Palo Alto, Calif, manufac- 
turer of microwave systems and elec- 
tronic medical instruments. A graduate 
of the University of Colorado, Mr. 
Plotkin holds a BS degree in electrical, 
a BS degree in aeronautical engineer- 
ing, and a PhD in electrical engineering 
from the University of California. 


G. E. LaPorte has been advanced to 
the newly created position of assistant 
director of engineering at Fedders- 
Quigan Corp. With the company con- 
tinually since 1937, Mr. LaPorte has 
risen progressively from assignments 
in the Engineering Laboratory through 
the development and design groups to 
chief design engineer, Room Air Con- 
ditioning Group, which position he 
leaves to take up this new assignment. 
He will maintain his office in the com- 
pany’s engineering 


Buffalo, New York. 


headquarters in 
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scores again with the 


o-form 
PROCESS 


UNLIMITED NEW HORIZONS 
IN THE FORMING OF METALS 
FOR FASTENERS AND ALLIED PRODUCTS 


CONTINENTAL 


SCREW COMPANY ° NEW BEDFORD, MASS. 


HOLTITE FASTENERS 
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KLEINS 


A Plier to Speed Every Production Job 


Minutes saved on production lines add up to important 
dollars in production time. Klein Pliers help you save 
minutes because there is a size and style suited to every 
job... because Klein quality means better performance. 





201 213-9NE 
Z 
301 






Y A 
— 


— 
é 


301-6-SCP 


4‘ > 
klein _ 


= 


100 years of service to 
linemen, electricians and 
industry is back of this 
new Pocket Tool Guide 
No. 100. A copy will be 
sent to you on request, 
without obligation. 


NEW COIL SPRING PLIERS 


Many Klein Pliers are available with 
a coil spring set close to the hinge 
The spring is guaranteed for the life 
of the plier. It always keeps the jaws 
in open position and frees the inside 
of the handles of any obstruction 


Ask your supplier 


Foreign Distributor: International Standard Electric Corp., New York 


co WO LF EN com 


Pe ee eS 





326 












Company 
Briefs 





Formation of a new research and engi- 
neering group for the study and im- 
provement of high power microwave 
switching devices has been announced 
by Microwave Associates, Inc., Burling- 
ton, Mass. Chosen to head the new de- 
partment which at present consists of 
10 engineers and physicists, is Dr. 
Lawrence Gould, who received his un- 
dergraduate and doctorate degrees in 


physics from MIT. 


Veeder-Root Inc., is establishing a lab- 
oratory in Danvers, Mass., for the de- 
sign and development of electronic 
controls, counters and instruments. The 
Hartford, Conn., firm has chosen James 
W. Farmer, recently head of the Elec- 
tronics Department of the Post Ma- 
chinery Company, to head up its new 
laboratory. 


Consolidated Electrodynamics Corp., Pasa- 
dena, Calif. has purchased the major 
assets of William Miller Instruments, 
Inc., of the same city. The newly ac- 
quired company custom-manufactures 
dynamic recording and data-processing 
equipment. Two subsidiaries of Wil- 
liam Miller Instruments—Transformer 
Engineers and Pacific Transformer—-were 
not included in the transaction. The 
newly acquired instrument firm will be 
established as the Miller Division of 
Consolidated Electrodynamics with the 
parent company assuming the lease on 
the 27.200 square-foot William Miller 
building located adjacent to CEC’s 
main plant facilities. 


4 Northeastern regional sales office. 
located at 40 St. Stephen’s Lane, Scotia 
2. N.Y. has been opened by The Glastic 
Corp., Cleveland manufacturer of glass- 
reinforced polyester Class B electrical 
insulation. In charge of the new office 

located in a Schenectady suburb— is 
Virgil H. Neldon, who has headed 


Glastic sales in that area. 


Establishment of a new Synthetic Lubri- 
cant Division has been announced by the 
F. E. Anderson Oil Co., Inc., Portland. 
Conn., manufacturers of Government 
Specification Synthetic Lubricants. The 
new division will consolidate the com- 
pany’s technical, development and sales 
work in this field. Modern laboratory 
and technical facilities are available on 
a no-cost basis to quickly provide man- 
agement, engineers and design person- 
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LING 


This premix consists of reinforcing 


thoroughly mixed with polyester resin 
containing Dow Styrene. 


The premix molding compound flows 
material, such as fiber glass or sisal, ? evenly to each and every section of the 

closed die as it is compressed under 
heat and pressure. 


After a very short cycle, the finished 
premix molding is removed from the 
die. It is now ready for immediate 
assembly or shipment. 


CUTAWAY VIEW SHOWS uniform strength 


in every section. There’s no resin-rich area, no 


special reinforcing, no pre-forming. 


For lower bids: premix moldings 


For uniform strength: polyester resin with Dow Styrene 


Many complicated parts—especially parts with varying wall 
thicknesses—are now made better, at lower cost, by premix 
molding. There are no resin-rich areas. Strength is uniformly 
distributed. Pre-forming is eliminated. And holes and nozzles 
can be molded in a part, eliminating punching and drilling 
operations. 


Leaders of the automotive and appliance industries have 


proved the benefits of premix moldings for specific parts. 
Many innovations are now on the drawing boards. 


The product shown is an example of the many now being 
made by premix molding using Dow Styrene. For technical 
assistance on Dow Styrene, write THE DOW CHEMICAL 
COMPANY, Midland, Michigan — Plastics Sales Department 


PL1886]J. 


Photographs through the courtesy of Fabricon Products, River Rouge, Michigan 


YOU CAN DEPEND ON 
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Wow 
STYLE 506 


SUB-MINIATURE RELAY 


for Critical Applications in 
Low Level Circuits and for 
General Purpose Use on Air- 
craft and Missiles 


STYLE 506 RELAYS —designed to 
meet the requirements of MIL-8- 
25018 (USAF 
duction at Price Electric Corpora- 


are now in pro- 


tion. They are available in two 
types — for low level operation, 
and standard design for general 
purpose use. Both are hermetically 
sealed 


COIL DATA: Standard DC volt- 
age is 26.5 VDC with DC coil 
resistance of 400 ohms 10% 


at 25C. 
DUTY: Continuous 


CONTACTS: Contact arrangement 
is DPDT. Standard contacts are 
suitable for low level circuits or 
general purpose use. Normal rat- 
ing is 2 amperes, non-inductive 


at 26.5 VDC. 


LIFE EXPECTANCY: Mechanical 
life in excess of 20,000,000 cycles. 
Exceeds 750,000 cycles at 2 am- 
peres non-inductive. 


CONSTRUCTION: 

Low-Level Circuits 
—special design permits isolation 
of all organic materials from the 
contact chamber. Each relay is 
assembled under “ideal” condi- 
tions in air-conditioned, pressur- 
ized room. 

General Purpose 

standard design, without the 
isolation feature. 


New balanced armature design 
gives high shock, 
vibration, and acceleration. 


immunity to 


Two types of terminals available 


—solder (illustrated) or plug. 


WEIGHT: 1.5 ounces 


Seen Pe) RA 9 


FREDERICK, 


Actual 


ON 
MARYLAND 


NOTE: When ordering, specify 
whether for ‘‘Low Level” or 
‘General Purpose” use. 


Size 


nel having tough lubrication problems 
with tailor-made products for both low 
and high temperature use. 


Cannon Electric Co., Los Angeles, is 
consolidating its Connecticut and Mass- 
achusetts plants in a move that shifts 
the company’s East Haven, Conn.., 
branch to Salem., Mass. Last fall the 
company moved to Salem from Wake 
field, Mass., a location it outgrew with- 
in six months. The company is a major 
producer of multi-contact connectors or 
plugs for and 


electrical electronics 


equipment 


Widely expanded application for its 
products and services, plus the recent 
acquisition of Indiana Glass Co., Dun 
kirk, Indiana, has prompted The Lan- 
caster Lens Co., Ohio, to 
change its name to Lancaster Glass 
Corp., with the Indiana plant to be 
operated as a Consumer Products Divi- 
sion. The company 


Lancaster, 


manufactures cus- 
tom-glass parts for commercial and in- 
dustrial 
communication 


use, including appliances, 


equipment and many 


others. 


In its third move into larger quarters. 
12-year-old Speed Selector, Inc., is now 
located in a new plant on U. S. Route 
122 near The company 
which makes a line of variable speed 
sheaves, has as its mailing address, P 


O. Box 312, Chagrin Falls, Ohio. 


Cleveland. 


Tri-Point Plastics, Inc., is the corporate 
name adopted on March 1 for all divi- 
sions of the Tri-Point 


of com- 
panies. Situated now in their new 
enlarged facilities in Albertson, N.Y., 
this group specializes in plastics. The 
new name was chosen to simplify the 
identification of 


group 


divisions formerly 
Tri-Point Manufacturing & 
Developing Co., Tri-Point Manufacturing, 
Inc. and Tri-Point Insulation, Inc. The 
new name will also apply to the Elec- 
tronics Division as 


known as 


well as to another 


division now in formation. 


Plans for construction of a new manu- 
facturing, engineering and_ research 
facility, part of a million-dollar expan- 
sion program, have been announced by 
the Friez Instrument Div., Bendix Avia- 
tion Corp. The new facility will add 
66,000 square feet to the present Ballti- 
Md., 100,000-square-foot plant. 
The new facility is being built to meet 


increased demands for precision instru- 


more, 


ment and related products. 


fully 
established in its new facility at 7777 
Industry Ave., Riveria, Calif., in a 
new plant devoted exclusively to elec- 
tronics. The new plant provides space 
for research, development and fabrica- 


Rheem Electronics Division is now 
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SR with Less Amps! 


Porformance-Rated 


FAN MOTORS 


HELP SOLVE YOUR LOAD AND 
POWER FACTOR PROBLEMS 


In air conditioning or ventilating equipment, you can 
reduce starting current, reduce running current and in- 
crease power factor with these new Century Fan Motors. 
They are Performance-Rated for air conditioning manufac- 
turers who are faced with new load and power factor prob- 
lems. Fan manufacturers find advantages in their short 
length, light weight, multi-speeds and easy reversibility. 


In your product and in your plant, Century Motors are 
Performance-Rated to fit your needs. For information, call 
your nearby Century Sales Office, or write us direct. 


Type CM, Permanent Split Capacitor . . . 
found frame, 2 or 3 speeds, all reversible— 
also available with cushion mounting. 


© 
Performance-Rated 
1/8 to 400 H. P. 


1806 Pine St., St. Louis 3, Mo. © Offices and Stock Points in Principal Cities 
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tion of test equipment as well as de- 
sign and production of airborne and 
laboratory electronic instrumentation 
units. 


Headquarter ofhces of ACF Industries, 
Inc., will be moved in 1958 from 30 
Church Street to 750 Third Avenue, 
New York, where a new building is 
being erected on the block front be 
tween 46th and 47th Streets, New 


York. 


Era Engineering, Inc., 1009 Montana 
Ave., Santa Monica, Calif., has been 
formed for the primary objective of de 
veloping new systems and devices for 
electronic, nucleonic and military 
equipment, including rockets. 


Chicago Rawhide Manufacturing Co. lias 
formally opened its new Special Poly- 
mer section of its Sirvene Division. The 
products to be manufactured in the new 
addition to the firm’s Elgin, IIL, plant 
will include oil seals, diaphragms. 


packings and other custom-molded 
parts made from silicone, Teflon, the 
fluoro rubbers, among others. 


Westinghouse Electric Corp. has an- 
nounced that it will construct a new 
plant at Trafford, Pa., to manufacture 
switchgear apparatus. Plans call for 
occupancy of the plant by the power 
circuit breaker department. 


| Texas Instruments Semiconductor-Com- 


ponents Division will occupy this coming 
fall a new $4,000,000 building to be 
located on a 300-acre tract in Dallas. 
The rapidly expanding apparatus divi- 
sion—a major producer of military elec- 
tronics systems—then will take over the 
main Dallas plant at 6000 Lemmon 
Avenue. 


Link-Belt Co., Chicago, has acquired 
Detroit Power Screwdriver Co., manufac- 
turer of power-driven screwdrivers and 
related automated assembly equipment. 
The newly acquired company will be 
operated as a subsidiary by its present 
management. 


Raymond Loewy Associates, large indus- 
trial design firm, is now located at 425 
Park Ave., New York 22 N.Y. Work- 
ing space has been increased by one- 
third over that available in previous 
offices in five separate locations. 


Consolidated Diesel Electric Corp. has 
acquired by a wholly-owned subsidiary, 
the business and assets of The Lima 
Electric Motor Co., Lima, Ohio, manu- 
facturer of gearshift drives and electric 
motors. Lima maintains complete facil- 
ities for the fabrication of electrical 
motors and gearshift drives. Present 
plans call for expansion of its opera- 
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“We ran this ad 6 years ago” 


We still say... 


only circuit breakers 


are so trouble-free 


fuse replacement can be costly in outages and labor 


you CAN BE SURE...1F ITS 


Westinghouse 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


TIME AND EQUIPMENT 
SHOULD NOT BE 
“EXPENDABLE” 


by H. D. Dorfman 


Westinghouse Electric Corporation 


As a designer of circuit breakers, I frequently 
listen to the age-old argument that ‘‘... fuses 
are expendable; we can afford to throw 
them away”’. 


This point of view can be costly. Experi- 
ence has taught maintenance men that the 
protection of circuits with fused devices is 
not a positive insurance against down time 
or damage. Important reasons for the better 
protection afforded by breakers are: 


A. When one faulted fuse in a three-phase 
operation ‘‘blows’’, the other two may stay 
in. Costly damage can result when this causes 
single-phase operation. What this does to 
maintenance costs, as well as production 
continuity, is plain. An AB breaker opens 
all three lines when any one is faulted. 


B. Accurate calibration of a circuit breaker 
assures its operating at exactly the rating 
for which it is installed. Without this accu- 
racy, circuits may be opened due to harmless 
surge currents, or may remain ‘‘live’’ beyond 
the point of safety. In the one event, we have 
unnecessary stoppage; in the other, probable 
repair costs. 


C. In either event, restoration of service 
is a matter of seconds with a circuit breaker, 
in contrast to the time involved in locating 
and inserting fuses. 


Suggests Checks on Quality 


In my position as a design engineer, I am 
required to analyze our customers’ experi- 
ence with breakers under all kinds of 
operating conditions. I find customers served 
20 and more years by the same AB breakers, 
more the rule than the exception. Based on 
this experience, I would advise anyone in- 
stalling protective equipment, first of all, to 
make it circuit breakers. Beyond that, look 
for these specifications in order to get the 
most reliable protection with lowest mainte- 
nance potential: 


Arc-quenching must be fast and free from 
flashover. The De-ion® principle is a good 
example, as it will extinguish an arc in less 
than 4 cycle. Insist on silver alloy contacts 
for low resistance and long life. The contacts 
we use have been proved ‘‘non-welding”’ by 
extensive tests. 


Plating of parts can spell the difference 
between breaker ‘‘sudden death” and lon- 
gevity. Westinghouse even plates internal 
copper parts of circuit breakers to assure 
long life where corrosion elements may 
attack. Make sure your breaker has a trip 
latch that is heat-treated after grinding and 
polishing. Specify a quick-make, quick- 
break mechanism of the over-center toggle 
type for utmost reliability where breaker 
duty is severe. 


If all of these points are checked ‘‘yes’’ on 
the breakers you choose, you will be provid- 
ing yourself with the best that electrical 
engineering has developed so far. J-30258 
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"I use T&S 
magnetic materials 
—exclusively...1" 


J. Dillingham Duckworth III is the famed sporting man, patron 
of the arts and internationally known bon vivant. He rarely speaks 
without saying something. 


Thomas & Skinner is proud of its long association with Mr. Duck- 
worth. (Please don’t ask what Mr. Duckworth does with our prod- 
ucts. He’s happy with ’em. We don’t ask questions. ) 

Mr. Duckworth is just one of our many customers who have found 
T&S products and services offer the very highest in satisfaction . 
for creation of long and friendly business relationships. 


T&S prides itself in service . . . being big enough to serve you... 
small enough to serve you well. If your problems involve magnetic 
materials— permanent magnets, wound cores, laminations or silicon 
iron magnetic tapes—call on T&S for expert consultation. 


SPECIALISTS IN Permanent Magnets ©) Magnetic Tapes (\ \ 
MAGNETIC MATERIALS Laminations | 1 and Wound Cores ey 


Ss OA OL 


1114 E. 23rd St., Indianapolis, Ind. 


tions under the name of The Lima Elec- 
tric Motor Co., Inc., a wholly owned 
Con Diesel subsidiary. 


Seaboard Coil Spring Division of Asso- 
ciated Spring Corp., Gardena, Calif., is 
changing its name to Seaboard Pacific 
Div., effective June 1. The new designa- 
tion reflects more accurately the range 
of precision mechanical springs that the 
division is now supplying to West Coast 
manufacturers. Initially, the Division 
made only certain types of helical 
springs; now it supplies the whole 
range of precision mechanical springs 
and spring steel products. 


Crane Packing Co. Morton Grove, IIl., 
has purchased and put into operation a 
30,000 sq ft plant in Vandalia, Ill, that 
will initially be devoted to the produc- 
tion of mechanical seals for pumps, 
speed reducers and other rotating shaft 
equipment. 


Formation of Geartronics Corp., Woburn, 
Mass., will coordinate the research and 
manufacturing facilities of Massachu- 
setts Gear & Tool Co., Woburn, Mass.., 
and Gear Systems Inc., West Concord, 
Mass. Facilities will now be available 
for the production of both precision and 
commercial gears, complete gear sys 
tems, and gear research and develop 
ment for both industrial and military 
applications. 


New construction at the North Chicago 
plant of Famsteel Metallurgical Corp., 
will call for an expenditure of over 
$650,000. A third story, comprising of 
24,500 square feet, will be added to an 
existing metallurgical building in the 
company’s North Plant. This space will 
be used for research laboratory offices, 
laboratories, and other facilities. 


First aluminum sheet to come from the 
nation’s newest aluminum production 
center in the Ohio River Valley is being 
produced by the initial operating units 
of the $200-million dollar works that 
the Kaiser Aluminum & Chemical Corp. 
is building in Ravenswood, West Va. 


Construction of a plant addition to 
house the general engineering and 
methods engineering departments of 
the company, as well as its newly or- 
ganized development engineering sec 
tion, has been announced by Sinelair- 
Collins Valve Co., and Valvair Corp. To 
be shared by the two companies, the 
new Akron, Ohio, facilities include ap- 
proximately 6,000 sq. ft. of office and 
testing laboratory floor space. 


Acromag Company, Inc., 22.519 Tele- 
graph Road, Detroit 19, Michigan, is a 
new organization that will concentrate 
on the design and manufacturing of 
precision magnetic amplifier control 
devices. 
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Now articles of TEFLON® 
can be cemented 
to other materials 


Where a non-slippery surface is re- 
quired, a special treatment can now be 
applied to the surface of TEFLON resins 
so that it is no longer waxy and slick. 
Conventional adhesives adhere to this 
treated surface. As a result, required 
bonding strerigth can be achieved be- 
tween TEFLON and any material that 
will bond with an adhesive. 

New design possibilities are opened 
up by this recent development. For ex- 
ample, tapes of TEFLON can be ce- 
mented to flat and cylindrical surfaces 
to form low-friction facings. Even pres- 
sure-sensitive adhesives are used. As 
cementable tape, TEFLON is convenient 
for use in electrical applications. The 
chemical inertness of TEFLON offers 
protection against corrosive vapors and 
other substances in electrical equipment. 


Cable clamps employ liners impregnated 
with TEFLON 30 aqueous dispersion to 
attain superior thermal and electrical in- 
sulation. Due to the “self-lubricating”’ 
characteristics of TEFLON, stress on 
ables is automatically relieved. Liner 
will not char or carbonize...has out 
standing chemical stability and age re- 
sistance. (‘“Joclamps” by Joclin Manu- 
facturing Company, Wallingford, Conn.) 


TEFLON® 


is a registered trademark... 


TEFLON is the registered trademark 
for Du Pont tetrafluoroethylene resins, 
and should not be used as an adjec- 
tive to describe any other product or 
any component part; nor may this 
registered trademark be used in 
whole, or in part, as a trade name for 
any product. 


Insulation of Du Pont TEFLON® resins assure 
low losses, high temperature resistance 


/ 


t 
' 
| 
New television tape recorder permits immedi- 
ate playback of TV sound and picture. Cable 
with inner insulation of a TEFLON tetrafiuoro- 


ethylene resin is used in the recorder (see 
inset). TEFLON resins are frequently employed 


Designers of the Ampex Videotape Re- 
corder selected Du Pont TEFLON tetra- 
fluoroethylene resin as insulation for 
critical points in this new electronic 
machine which records television pro- 
grams on tapes, can play back video 
and audio immediately. These engi- 
neers based their selection on the ad- 
vantageous properties of TEFLON. 

For example, TEFLON resins have a 
power factor of less than 0.0003. En- 
ergy losses in the dielectric are there- 
fore kept to a minimum. Owing to the 
high dielectric strength of TEFLON 
resins, rated at 500 to 4000 volts per 
mil, insulation can be made thinner 
and components smaller. 

TEFLON resins can withstand con- 
tinuous use to 500° F, and display ex- 


in electrical machinery because of resistance 
to high temperatures. (Recorder by Ampex 
Corporation — wire supplied by Sequoia Wire 
Company. Both of these organizations are 
located in Redwood City, California.) 


cellent properties at temperatures far 
below zero. Temperatures experienced 
in soldering will not burn or melt in- 
sulation of TEFLON, and in assembly 
operations the material does not under- 
go shrinkage during soldering. TEFLON 
resins are tough and durable. A smooth, 
slippery surface makes wires insulated 
with TEFLON easy to handle. 
Miniaturization of electronic com- 
ponents has been fostered by the use of 
TEFLON resins, because of superior 
electrical insulating properties and out- 
standing heat resistance. Use of Du Pont 
TEFLON has helped solve design prob- 
lems for many electrical engineers. 
TEFLON resins may prove to be the 
answer to your own needs. Information 


is available, simply mail the coupon 


|. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 


SEND FOR 
FREE DETAILS 


For additional property 
and application data on 
Du Pont TEFLON tetra- 
fluoroethylene resins, ! Street 


for 
Name 


Company 


mail coupon. City 


Type of Business 


Room 156, Du Pont Building, Wilmington 98, Delaware 


Please send me more information on Du Pont TEFLON tetra- 
fluoroethylene resins. | am interested in evaluating TEFLON 


Position 


State 


in Canada: Du Pont Company of Canada (1956) Limited, P. 0. Box 660, Montreal, Quebec 





TWO NEW ml 2 COMPONENTS 


SHIELDED JACKS .. 


of high impedence circuits. 


. for effective shielding 
Shield and 
cover cadmium plated steel. Made in open 


and closed circuits . . . miniatures in 2 


conductor . . . standards in all circuits, 


2 & 3 conductor. 


“lle 
TIMER RELAY 
that handles all 


controlled timing 
problems... 


% No false contacts 

% Non sticking 

¥% Practically "fail safe" 
% Low cost timer 


Durakool 


STEEL MERCURY TIMERS 


This steel clad, 


factory set, 
proof 


Durakool timer-relay is 
ticall 


y non-breakable. 
multiplied 5 to 6 


times by 


PUSH BUTTON SWITCHES. . 
contacts. 


. for momentary 
Miniature for low level circuits 
only. Standard sizes in 2 ratings—integral 
contacts for low level circuits . . . fine sil- 


ver for 3 amp 1 15v. Write for Catalog. 


fa. Richards Electrocraft, Inc. 


3747 N. KEDZIE AVENUE, CHICAGO 18, ILLINOIS 


+ y\ 
— 


COIL 
ENERGIZED 


tamper 
prac- 

. “f 
Operating life 
new 
plunger construction features. Com 


binations of operate-release time de- 


lays from 0.15 
normally open or 
action, 


sec. to 20 sec.—either 
normally closed 


COIL 
DE-ENERGIZED 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., 


TORONTO 9, CANADA 


Relay Design Targets 
Set by Missile Survey 


(Continued from page 126) 


circuit potential and to the relative 
motion and variation in pressure of 
the contacts as a result of the applied 
acceleration, the resistance of the con- 
tacts was extremely high and there- 
fore the relay failed to pass the noise 
voltage test.” 

“The relay was again subjected to 
the same vibration test except that the 
contacts were loaded as indicated in 
Fig. 12b. The oscillogram shows the 
contact current while the relay 
undergoing the specified excursion at 
50 cps. The two horizontal lines in- 
dicate the magnitude of open circuit 
potential which in this case was 1.0 
volt. Here again the oscillogram in- 
dicates that physical separation of the 
was not occurring. As a 
result of the increased source poten- 
tial the resistance of the contact was 
not as high as it was in the previous 
case, but it was still sufficiently high 
so that the relay again was considered 


was 


contacts 


as having failed. Finally the contacts 


were loaded as indicated in Fig. 12c 
and the relay once more subjected to 
the described vibration test. No ap- 
preciable change in contact resistance 
throughout the fre- 
of vibration to which 


was observed 


quency range 
the relay was subjected, and the relay 
was considered as having passed the 
test.” 

“In the first two illustrations, the 
relay under test had silver contacts 
and the open circuit potentials em- 
ployed were not sufficiently high to 
break through the surface 
film. In the last case the open circuit 
potential was high enough to break 
through the film and actual physical 
separation of the contacts would have 


contact 


of contact 
observed 
It is not 
the intent here to imply that the low 
values of circuit potential should not 


evidence 
would be 
conditions cited. 


to occur before 
malfunctioning 


under the 


be used when evaluating contact per- 
formance during shock and vibration 
tests, but rather that the potential to 
be used be given due 
If the to be 
signed for dry 


consideration. 
evaluated is de- 
circuit application 
then by all means a low energy test 
circuit should be 
where the 


relay 


In this case 
contacts under test 


used. 
relay 
are suitable only for switching power 
circuits, it is suggested that the 
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Why designers specify FLEXLOC self-locking nuts 


Where products must be tough . . . must stand up under 
vibration, shock and abuse . . . designers specify rugged, 
reliable, precision-built FLEXLoc self-locking nuts as fasteners. 


HERE’S WHY: 

FLEXLOc locknuts are strong: tensile strengths far exceed 
accepted standards. They are uniform: carefully manufac- 
tured to assure accurate, lasting spring tension in the flexible 
locking collars. And they are reusable: rough screw threads, 


FLEXLOE tocknur 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


repeated removal and replacement, frequent adjustments will 
not affect their locking life. 


Standard FLex oc self-locking locknuts are available in a 
wide range of standard sizes and materials, to meet the most 
critical locknut requirements. Your authorized industrial 
distributor stocks them. Write us for complete catalog and 
technical data. Flexloc Locknut Division, STANDARD 
PRESSED STEEL Co., Jenkintown 9, Pa. 


STANDARD PRESSED STEEL CO. 


DIVISION 


JENKINTOWN PENNSYLVANIA 





NEXT TIME YOU NEED 


RELAYS 


ee 


i % | =~ 
AGN 
a 


gs - 
< 


GET A “QUOTE” FROM 


Each year, more and more manufacturers 
are specifying ‘‘Comar” as their relay 
source. They’ve found that Comar has the facilities 
and know-how to produce good dependable 
relays at low cost. Next time you need relays, 
get a “quote” from Comar. 


You'll be glad you did. 
QUITO T cvectric company 
3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS »* SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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test circuit employ rated open circuit 
potential and a closed circuit current 
of 10 milliamp. It is further suggested 
that, when an oscilloscope is specified 
for contact monitoring, the magni- 
tude of the contact source potential, 
and contact current be specified, as 
well as the duration of chatter per- 
missible.” 

This discussion continued, outlin- 
ing the drawbacks of the oscilloscope 
for the measurement of relay chatter, 
such as the fact that it requires care- 
ful and continuous observation. A re- 
setting automatic indicator was then 
described, consisting of a thyratron 
circuit, Fig. 13. This circuit was de- 
veloped at Wright Air Development 
Center, is specified for relays in the 
tests of MIL-R-25018, and is fully 
described in WCRE Technical Memo- 
randum Report of July 7, 1955, in- 
cluding calibration and mode of op- 
eration. The merits of this test method 
were elaborated: “When the above 
circuit is used as an indicator, contact 
chatter greater than 10 microseconds 
causes the type 2D21 thyratron tube 
to conduct and light the neon lamp 
in its plate circuit. The lamp will re- 
main lit until the thyratron is reset. 
This type of failure indication is 
superior to the oscilloscope in that 
the indication is more easily ob- 
served, and the ever present possibil- 
ity of overlooking a failure especially 
over extended periods of time is vir- 
tually eliminated. To facilitate test- 
ing of relays to the various contact 
chatter specifications the thyratron 
indicator can be modified to indicate 
various contact opening times. Time 
constants equal to these permissible 
chatter times can be built into the 
grid circuit of the thyratron tube and 
can be switched into the circuit when 
required. Since the majority of the 
relays which have to meet shock and 
vibration requirements are used in 
26 volt circuits, the design of the 
thyratron indicator should be modi- 
fied so that the open circuit voltage 
across the contacts under test is lim- 
ited to 30 volts.” 

An environmental condition which 
is particularly hazardous to relays is 
vibration because of the usually sensi- 
tive moving contact element which 
may be as readily affected by motion 
of the relay as by magnetic force, 
essentially a major design problem. 
Rational design, whether electrical or 
mechanical, requires the possession of 
information regarding the behavior 
of particular structures; relay de- 
sign against vibration malfunctioning 


JUNE 1957 ELECTRICAL MANUFACTURING 





This may be the answer to your 3-phase 
motor protection problem. To date, this fea- 
ture has been available only on single-phase 
motors where its use is steadily increasing. 
The Klixon protector, which operates on a 
combination of current and winding tem- 
perature, is completely contained within the 
motor housing and does not require outside 


wiring. 


Doerr “Poly-Protected’’ Motors 
Will Not Be Damaged By: 

¢ Prolonged overloads « Single phasing 

e Stalling « Failure to start « Lack of 

ventilation « Increase in ambient tem- 

perature « Plugging or reversing duty 

e Unbalanced voltage 


These designs available in ratings through 5 H.P. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


DOERR Now OFFERS BUILT-IN 


PROTECTION ON 3-PHASE MOTORS 


CHECK THESE ADVANTAGES 


V, Reduce down time due to nuisance trip-outs 
Eliminate motor burnouts 


Assure maximum capacity operation under any 
conditions 


Simplify motor controls 

Permits gang or multiple starting with one 
contactor 

Available in. either automatic or manual reset 
types 


LET DOERR HELP 
ON YOUR PROBLEM 


Klixon equipped 3-phase Doerr motors are now 
being used and have proved satisfactory under vari- 
ous conditions. We would appreciate the oppor- 
tunity to make suggestions on your 3-phase motor 
protection problem. Our engineers are prepared to 
conduct tests and recommend the right Klixon- 
equipped motor for your application. A letter out- 
lining your application and protection requirements 
will receive immediate attention. 


DOERR 
CEDARBURG, WISCONSIN 
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Proposed American Standard 
Definitions and Terminology 
for Relays 


UNDER THE SPONSORSHIP of Committee 
C-83 on Electronic Components, a Task 
Force on Relay Definitions and Terminol- 
ogy was appointed in 1954 by the Amer- 
ican Standards Association, New York. 
The task force was originally headed by 
J. A. Csepely of the Bell Telephone Lab- 
oratories, Inc. who was replaced later by 
H. N. Wager of BTL, both of whom did 
major work on the project of drawing 
up a proposed standard on Relay Defini- 
tions and Terminology. The task force 
is presently headed by Prof. Chas. F. 
Cameron, School of Electrical Engineer- 
ing, Oklahoma A. & M. College. Pre- 
liminary drafts of the Standard have 
been circulated for criticism by industrial 
government groups and from the com- 
ments thus obtained a proposed Amer- 
ican Standard has been prepared, dated 
April 1, 1957, which is presently being 
reviewed by the ASA C-83 Committee. 
It may be approved as an American 
Standard and made available for distribu- 
tion within a year. 

The definitions and terminology of the 
Proposed Standard apply to relays used 
f - general switching purposes and not 
to specific purposes already covered, such 
as by American Standard C-42 Definitions 
—Contactors. However, every effort has 
been made to keep the terminology con- 
sistent with existing standards. Use has 
also been made of the list of “Defini- 
tions of Relay Terms” published in 
1955 by the National Association of Re- 
lay Manufacturers. 


is guesswork without data defining 
the service vibration environment of 
the relay itself. Adequate test meth- 
ods and related definitions are essen- 
tial to obtain any such information. 
A philosophical discussion of this 
measurement problem in relation to 
relay design was presented by Charles 

Morrow of the Ramo-Wooldridge 
Corp., in “Vibration Testing of Re- 
lays”. 

“What part should complex wave 
testing play in proof of design of a 
relay? A complex wave test is one 
that involves any vibration other than 
a single sinusoid or a single-frequency 
sweep. It is difficult to compare the 
severity of a single-frequency sweep 
with that of a random vibration or a 
complex wave periodic vibration un- 
less one has extensive information on 
the dynamics of the item under test. 
In relation to the testing of a relay 
the utility of complex waves depends 
particularly on whether the chassis to 
which the relay is to be mounted is 
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SIGNIFICANTLY SMALLER ! 


Dimensional Diagrams 
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VLU", . «SS ANGAMO 
“RESIN-KOTE” MICA 
CAPACITORS 


PHYSICALLY SMALLER 
RADIAL LEADS FOR PRINTED CIRCUIT BOARDS 
EXCELLENT ELECTRICAL CHARACTERISTICS 
EXCELLENT FOR AUTOMATIC ASSEMBLY METHODS 
e EXCEED APPLICABLE RETMA SPECIFICATION RS-153 
e FABRICATED FROM THE FINEST INDIA RUBY MICA 
Available In Capacitance Values From 5 to 20,000 MMFD 
In Standard + 10% Tolerance. Closer Tolerances Can be Supplied. 


Write For NEW Engineering Bulletin TSC-118. 


SANGAMO ELECTRIC COMPANY 
Electronic Components Division 
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PLUGGABLE UNIT 


COMPONENT PACKAGES CAGE ASSEMBLIES 


BAIL PLUGGABLE UNITS 


STRIP PACKAGE 


@ SAVE COSTS... 


Industrial Engineering experts, 
having the depth of 
experience from many 

similar jobs, can apply tried 
methods to gain the lowest 
possible production cost. 


INTEGRATED FACILITIES . . . 


Ready access is available 
to other ERIE divisions for 
electronic components, 
molded plastic parts, metal 
stampings, embossed 
wiring boards. 


TRAINED PRODUCTION PERSONNEL... 


Trained production personnel 
is available immediately 
without the burden of training 
costs, 


WELCOME CONSULTATION ... 


Contact ERIE representative 
for possible economies to be 
gained through use of our 
facilities. 


Write for complete information about our facilities and 
Engineering Bulletin 453 describing typical ERIE assemblies. 


—- F 


ERIE ELECTRO-MECHANICAL DIVISION 
ERIE RESISTOR CORPORATION 


Main Office 3-41 es ae 


es ERIE, PA. © HAWTHORNE, CALIF 


rigid over most of the frequency 
range of test or is resonant over most 
of the range.” 

“There are two effects that might 
cause failure on the chassis but not 
show up at all in a relay test. The 
first is a sensitivity to rotation pro 
duced, for example, by flexing of the 
chassis. A single frequency sweep test 
with shakers arranged to produce ro- 
tation rather than translation may be 
a worth while further precaution. The 
second effect is an intermodulation 
effect—a chattering produced when 
two frequencies are present simul- 
taneously but not when the sum of 
the accelerations is applied at either 
frequency alone. When such an effect 
is likely, the complex wave shake test 
may prove to be a convenient means 
of exploring it.” 

“In the design of electronic equip- 
ment, there is a striking contrast be- 
tween the refinement of circuit de- 
sign and the cut and try methods 
used in mechanical design so that 
equipment will withstand vibration. 
Yet, the mechanical elements vibrate 
according to the same differential 
equations that govern the electrical 
properties of the circuit. Why should 
there be such a contrast? It should 
be noticed that the circuit designe: 
does not proceed by connecting to- 
gether a random collection of ele- 
ments and calculating their electrical 
responses. He proceeds by arranging 
elements in standard patterns thal 
have been found useful and have 
previously been investigated in detail. 
For mechanical design of electroni 
equipment, there are many valuable 
rules of standard practice, but they 
have seldom been expressed in quan- 
titative dynamic terms. Before we can 
read a diagram of the dynamic prop 
erties of an equipment many meas- 
urements must be made, recorded, 
and collected, both for chassis and 
parts. Factors that most need measure- 
ment and collection are frequencies 
of resonance, bandwidths and me- 
chanical impedances at resonance.” 

Relay Evaluation. In a paper 
entitled “Relay Application Prob- 
lems in a Production Missile,” Mar- 
vin Thomson of Motorola, Inc., por- 
trayed the reliability problem as it 
appears when a user attempts to 
establish a component evaluation pro- 
gram in connection with a majo! 
project having severe over-all require- 
ments. After initial dealings with a 
variety of relay vendors, in which 
obvious specific design details were 
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here's how Seeburg matches 
P-K fasteners to the job 


And Parker-Kalon’s wide range of types 
and sizes makes it possible 


“By carefully selecting the right P-K screw for each assembly 
we’ve reduced rejects and stepped-up production,” says Joseph 
Kamys, engineer of J. P. Seeburg, manufacturers of the famous 
line of Select-O-Matic ‘200’ Coin Operated Phonographs. 


< “‘Take the fastening of metal kickplates 
and base moldings to wood cabinets, for 
example. They must hold permanently 
and go in fast without splitting the wood. 
P-K Type-A Self-tapping Screws are just 
right for the job.” 


“In a metal-to-plastic application such > 
as the fastening of high-frequency speak- 
ers to formed plastic housings—P-K 
Type-Z thread-forming Screws go in right 
without cracking the plastic—stay put, 
even under high vibration.” 


< ‘In this important subassembly, ap- 
pearance is important as well as depend- 
able holding power. Here we use P-K 
Type-A Phillips Recessed Head Screws in 
a metal-to-metal application.” 


® 
Whatever your product or application . . . ferrous or non- 
ferrous castings, sheet metal or structural steel, plywoods, 
asbestos compositions, pliable or brittle plastics ... ae 
Parker-Kalon can furnish the proper fastener to speed 
assembly, reduce rejects, cut costs! 


Sold Everywhere Through Leading Industrial Supply Distributors. fasteners 


PARKER-KALON DIVISION, General American Transportation Corporation. Factory: Clifton, New Jersey. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 



























for business 
machines 





there's a MATCHED-TO-THE-MACHINE 
ELECTRO-MAGNETIC CLUTCH 


to meet YOUR requirements 


Stearns, the pioneer in magnetic equipment, builds over 100 
different standard clutch and clutch-brake combinations to 


meet your normal requirements exactly . . 
build a unit to fit your unusual or special applications. 


. or will custom- 


For positive, dependable control of power to your ma- 


chinery — be sure with Stearns. 


HERE’S WHY: 


<< WIDE RANGE OF TORQUE — from -4 to 120,000 lb ft. 
<¥ LOW INERTIA— fast, smooth engagement and disengage- 


ment with no drag. 


<< RANGE OF TYPES— split shaft, thru-shaft, two-speed 
drives, forward and reversing drives, clutch-brake com- 


binations. 


<7 QUIET— COOL-RUNNING — No metal-to-metal con- 
tact, no sparking. Wear increases rather than decreases 


torque. 


<x AUTOMATIC OR MANUAL CONTROL — from 


push button to electric eye. 


+z SIMPLICITY-— Only 3 prime parts. Clutch seldom requires 
adjustment — can be done in minutes when needed. Simple 


installation — compact design. 


19 


For the full story, call your local Stearns sales representative, 


i. kee a _cuuT CHES 


“Scon®> ————SS= 


or write direct for Bulletin No. 226E. 


ELECTRIC CORPORATION 


120 NORTH BROADWAY « MILWAUKEE 2, WISCONSIN 


ironed out, a quantity test program 
was instituted to weed out faulty 
units before they were incorporated 
in the final packages, and it was here 
that the random unpredictable nature 
of relay “failures” became a stum 
bling block. 

To quote Mr. Thomson: “Through 
all the stages of development 
there were random cases of relay fail 
ures, mainly contact failures. We felt 
that these could be reduced to an 
acceptable level by rigorous testing 
of all relays. (Subsequently) of ten 
relay failures. six occurred in final 
section test after having successfully 
passed all subassembly tests. This 
pointed out that the failures were of 
random occurrence and _ indicated 
that all was not well as far as relays 
were concerned. Our approach was to 
establish some means of weeding out 
these potential defects with a reason- 
able degree of confidence. After run- 
ning a quantity of production relays 
through the procedure it was obvious 
that the problem was even more seri- 
ous than originally indicated. There 
appeared to be no satisfactory means 
of weeding out the defective relays. 
Around 50 per cent of the relays were 
failing the test. However, if the same 
group were re-run a second time, 
about 20 per cent of the remaining 
good relays would fail at some point 
and some of the relays which showed 
failure in the original run would go 
through a second and third re-run 
with no indication of failure.” 

“We were also subjecting relays to 
a low-level test in the laboratory with 
equally alarming results. In five out 
of a group of six relays (observed 
with a 40-power binocular microscope 
during operation) we were able to 
identify, positively, minute particles 
of material on or adjacent to the 
mating surfaces of defective pairs of 
contacts. These particles were not 
rigidly affixed to the contacts but 
moved about during operation of the 
relay. These particles appeared to be 
the answer to the randomly intermit- 
tent contact failures.” 

Derived from this experience, Mr. 
Thomson went on to propose: “A new 
approach to the low level relay opera- 
tion problem is suggested to the relay 
designers. We often see discussions 
that the problem is caused by film. 
We suggest that in many instances the 
problem is due to loose particles. In 
my own limited experience in the re- 
lay field it has always seemed illogical 
that a relay can operate 6374 times 
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—a subsidiary of 


For high conductivity copper 
=castings and forgings = 


call on PBzB 


You can be sure of getting the quality you need... 
plus the service you want... by making Philadel- 
phia Bronze & Brass your headquarters for high 
conductivity copper castings and forgings. 


Every piece is tested and certified. Castings, made 
from top grade electrolytic copper, are certified 
at least 90% I1.A.C.S. electrical conductivity. 
Forgings, made from certified grade oxygen-free 
high conductivity copper, are at least 98% 
often exceed 100%. 


Complete service by PB&B not only covers pattern 


making, alloying, casting, forging and rough or 
finish machining, but also expert assistance in 


design of parts and selection of most effective 
alloys. Our specialized experience gained through 
more than 30 years of non-ferrous work saves you 
time . . . assures quality in your finished prod- 
uct. Our facilities can handle work from a few 
ounces to a few tons, to uniform high standards 
of production. 


Write today for our catalog outlining PB&B facili- 
ties and alloys including high strength, 
corrosion-resistant alloys for structural use in 
electrical equipment. Call us for a quotation on 
your job, or see any of the field offices of 
P. R. Mallory & Co. Inc. 


PHILADELPHIA 
BRONZE & BRASS CORP. 


PrP me ee Ml lt 4 ee 


MALLORY 
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Some Springs Have It...Some Don’t 


The difference in spring performance is most often due 
to the wire or strip used ...and there’s more to a spring material than 
just the “bounce”. How about other requirements, such as 
corrosion resistance, high temperature properties, fatigue resistance 
and low temperature toughness. 
When your springs need any of these properties your 
best bet is one of our alloy spring materials. 

Riverside-Alloy Metal Division can supply you with spring wire and strip 

in stainless steels, nickel alloys, phosphor bronze and beryllium copper. 
Learn more about our spring materials. Write to 
Riverside-Alloy Metal Division, 


H. kK. Porter Company, Inc., Riverside, N. J. 


Send today for our 
free handbooks 





ALLOY METAL WIRE 
Prospect Park, Pa. 


RIVERSIDE METAL 
Riverside, N.J. 


PRENTISS WiRE MILLS 
Holyok::;, Mass. 


RIVERSIDE-ALLOY METAL DIVISION 
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without a miss, then miss once or a 
few times because of contact film, 
then operate without failure for thou- 
sands of additional operations.” 

The relay-users’ problem theme 
was also emphasized by Glenn Stuart 
and Donald Roelands, of Douglas 
Aircraft Company and United Geo- 
physical Corporation — respectively. 
Cost and technical questions create a 
situation in which the prime difficulty 
in a component evaluation program 
is one of determining sequence of 
tests in relation to procurement, spe- 
cial design and other steps in the 
entire process. In “Problems En- 
countered in Obtaining Satisfactory 
400-Cycle Electromagnetic Relays for 
Use on the Douglas DC-8 Jet Trans- 
port,” Mr. Stuart and Mr. Roelands 
had this to say: “Since few relays are 
used per airplane and relatively few 
airplanes are sold, the possibility of 
large orders does not exist. Therefore 
many relay manufacturers will not 
supply samples unless it is done on 
the basis of a development contract. 
A few manufacturers . . . would pro- 
vide samples, others indicated that 
samples must be purchased as off-the- 
shelf items. Handmade samples 
usually failed for reasons which 
could easily have been remedied 

“A major problem in obtaining 
reliable relays was and is the recep- 
tiveness of the manufacturers repre- 
sentatives, who (sometimes) feel that 
if their component fails, the trouble 
is with the test program and not the 
relay. The manufacturers’ engineer- 
ing staffs were, for the most part, 
appreciative of the fact that Douglas 
was willing to spend engineering time 
working on their components. One of 
the major deficiencies made evident 
by these discussions was the lack of 





Relay Conference Papers 


The complete set of papers pre- 
sented at the 5th Electro-Magnetic 
Relay Conference at Oklahoma A. & 
M. College are being printed under 
one cover by Potter & Brumfield. 
Copies are available to readers of 
EvLectricAL MANUFACTURING at no 
charge, simply by writing on your 
company letterhead to W. A. Huser, 
advertising manager of Potter & 
Brumfield, Inc., Princeton, Ind. 
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"Camel Bearing’’ Model 
Series ‘‘402” 





















Series "401" 


Series ‘'401” for Standard Life Applications 


Here’s a tough, durable Shaded-Pole Motor. The ‘‘401” has positive aligned 
bearings with self-aligning features and an open-skeleton frame for ef- 
fective heat dissipation. You have your choice of 12 models. You'll find 
a “401° Shaded-Pole Motor that meets your needs exactly. 






MODEL NO’S (2) 402-10} 402-20 | 402-30 | 402-40 | 402-50 | 402-60 


402-11 | 402-21 | 402-31 | 402-41 | 402-51 | 402-61 
401-10} 401-20) 401-30| 401-40 | 401-50 | 401-60 
401-11 | 401-21 | 401-31 | 401-41 | 401-51 | 401-61 


vous ras [us [us| ns | ns | ve 
rREQUENCY ro [oo | | | 0 | oo 
AMPERE—NO LOAD —|_-0.31 | 0.42 | 0.55 | 0.64 | 0.97 | 1.31 
WATTS—NO LOAD | 135 | 19 | 24 | 277 | 40 | 53 
RP M—NO LOAD 
Max, HP OUTPUT 1740 
‘Sam vonaut oz w | ose | ta | 23 [23 | 33 | «9 
sau warts [18 | 29 | «| as | oe | oe 
stack worm" | we we we we 
Swart ow. "e" [Loaez [ose |o.e2 | 0102 [ozire oai7e 
oi ta [ta] 4 


, WEIGHT—POUNDS wy 2.4 


Send for your copy of Soreng’s new booklet on 
Shaded-Pole Motors. It contains drawings, techni- 
cal data and specific applications. 
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SPECIFY SORENG SHADED-POLE MOTORS 
Where Economical, TROUBLE-FREE Operation is a Must 





Series ''402” with New CAMEL BEARING 
Holds Lubricant Thousands of Hours Longer 


The “402” Shaded-Pole Motor is built to last. It's a rugged 
little powerhouse with an EXTRA long life due to its exclusive, 
new CAMEL BEARING design. This special bearing bracket 
provides automatic, positive oil circulation even under high 
temperatures. Oil is constantly feeding into bearing cavities as 
operating conditions demand. 

The “402” is made of high quality, silicon steel. It’s versatile, 
too! The rotor bracket is easily removed so that the motor can 
be adapted to a variety of field applications. Standard mount- 
ing holes make it interchangeable with other motors. Range of 
12 models cover all types of applications. 





SORENG SHADED-POLE MOTORS HAVE OVER 
140 PRODUCT APPLICATIONS 


Typical Applications include: springwire; gear, chain, rubber belt and 
friction drives or, to move high velocity, heater or sirrocco air. 


NOTES: 
1. HP RATING AT°3000 RPM—CONTINUOUS DUTY FAN LOAD 


2. ALL NUMBERS ENDING IN “0’ DENOTE CLOCKWISE SHAFT ROTATION 


ALL NUMBERS ENDING IN “I” DENOTE COUNTER-CLOCKWISE SHAFT 
ROTATION 


3. 402—LONG LIFE SERIES 
. 401—STANDARD LIFE SERIES 
5. LEADS— #20AWGX 7’° LONG LEAD WIRE THERMO PLASTIC 


a 
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CONTROLS COMPANY OF AMERICA 3 


9551 SORENG AVENUE e SCHILLER PARK, ILLINOIS 


 e Manufacturers of SORENG controls 
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controls ¥ thet make modern living possible 
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mechanical engineering staffs in some 
relay manufacturers’ organizations.” 
“The most important of the prob- 
ee lems encountered was the lack of re- 
liability. Conversely, the greatest 

degree of benefit from the program of 

\ Analysis-Before-Test was realized in 
increased reliability. Analysis-Before- 

Test means that all relays submitted 

are examined by the applications en- 

gineer and the structures analysis 

group. The mounting bracket, the 
mounting of the coils, rectifiers, etc. 
are carefully analyzed to predict if 

they will fail in test. It was found 

more economical to spend time re- 

viewing a relay prior to testing it 

than to wait until the relay failed.” 

“The use of Military Specifications 

as a basis for necessary tests is al- 

most mandatory in our present so- 

ciety. Unfortunately, MIL specs are 

not necessarily interrelated. A test 

will be clearly defined in one spec 

and redefined in another spec, with 

no common point of reference be- 

tween definitions. Much improvement 

can be made in the MIL specs to in- 

crease their usability. The biggest 

problem the laboratory was con- 

fronted with was lack of standardized 

test descriptions, (which) are as vari- 








able as relay types. A standardized 
test program should be established 


and agreed upon by the industry as a 
KEARFOTT ’ , . aaa debit 
whole. 
ANALOG-TO-DIGITAL Strongly pertinent to these observa- 
CONVERTERS tions by relay users was the case for 


one relay manufacturer, as presented 
by John Vetrano of Allied Contro) 
Company, Inc. In the significantly 
titled paper, “Practical Reliability,” 
Mr. Vetrano strongly urged in the 
interest of reliability that the relay 
purchaser recognize certain dangers 


TRANSLATE SHAFT ROTATION 
INTO ELECTRICAL AND VISUAL 
DIGITAL FORM 


KEARFOTT DIRECT DRIVE ADAC 

is a Shaft-positioned analog-to-digital device 
utilizing coded drums, interconnected by 
high-speed odometer type gearing to provide 
an electrical impulse representing shaft 
position. Available for a wide variety 


in over-specification, well-intended 

but often perverse “safety-factors,” 
and excessive dependence on stand- 

of capacities and codings é i 

ardized components as against stan- 

KEARFOTT MECHANICAL COUNTERS 


derized requirements which are a 
are used to provide precise visual 





quite different matter. “Too  fre- 


resentations of angular position, latitude KEARFOTT ADAC O° TO 359.9° . : 
P Buiar I ia quently design engineers call upon 
longitude, or any information imparted by : \ ' 

shaft rotation. Both types are designed KEARFOTT COMPONENTS INCLUDE standard J AN or MIL components to 
S M i . ; , ; 1" . 
to provide long life at maximum Fee ey eee eee ore perform a highly specialized func- 
slewing speeds up to 1800 R.P.M. Rotary Seals, Indicators and other Electrical tion.” declared Mr. Vetrano. “It cer- 

and Mechanical Components te 5 eae 5 2 
KEARFOTT SYSTEMS INCLUDE tainly is not my _ intention to 


Directional Gyro Compass Systems, 
Three Gyro Stable Platform Systems and 
Inertial Navigational Systems 


underrate standardized components 






provided they are used according to 
f lleti i n Ft . 2 
ee ee the specification against which they 


Car oll KEARFOTT COMPANY, INC., Little Falls, N.J. are manufactured. If the design en- 


Sales and Engineering Offices: gineer would submit his requirements 
1378 Main A lifton, N. ; 
iu to a reputable relay manufacturer (of 


23 W. Calendar Ave., La Grange, III 


which there are many) I believe this 
South Central Office: ii - thi 


| 6211 Denton Drive, Dallas, Texas would be the first step toward a re- 
A SUBSIDIARY OF | West Coast Offices: lig | oa mnt TI , 2 oe . 
et ae EDDA LIT 253 M. Vinedo Awenve. Pasadena, Collf iable component. The requirements 
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3M takes the wraps off 
a startling new insulation 


“SCOTCHPLY”" Brand Reinforced Plastic 
strengthens, insulates and bonds! 


Now a high-strength, lightweight reinforced ““SCOTCHPLY”’ Reinforced Plastic is a 
plastic—“‘ScoTcHPpLy” Reinforced Plastic able, laminated plastic reinforced by thousands 
makes possible the bonding of coil, conductors, of continuous, non-woven glass filaments. Thus, 
insulators and pole piece into one complete unit. unlike conventional glass fiber reinforced plas- 
It increases the operating life of motors and other tics, it can be tailored to meet specific stress and 
rotating equipment—even under the most severe insulating requirements. For complete informa- 
operating conditions. tion, write address below. 


mold- 


Quick Facts VOID FREE contains no small openings or weaknesses common to varnishes, resins or wrappers 

or other “encapsulating” materials. e HIGHLY DIELECTRIC— seals out moisture, carbon and 

se on dust particles. e CORROSION RESISTANT— chemically inert to most acids, bases and solvents. 

SCOTCHPLY"< Shows no appreciable deterioration when exposed to weathering. e HIGH MECHANICAL 

Brand STRENGTH--withstands stresses of centrifugal force in rotating equipment. e SUPERIOR 

. THERMAL CHARACTERISTICS— virtually eliminates problems created by severe thermal 
agg cycling. Coefficient of lineal expansion nearly identical to copper. 

astic 


Unique properties of “ScotTcHPpLy”’ Reinforced Plastic open up a whole new range of engineering 
and structural possibilities in the manufacture of electrical equipment. Ask today for 3M technical 
service or literature with complete information. Write Minnesota Mining and Manufacturing Co., 
Dept. PH-67, St. Paul 6, Minnesota. 


REG. U.S. PAT. OFF. 


S COTCHPLY Reinforced Plastic 


BRAND 


The term “‘ScoTcHPLy”’ is a registered trademark of Minnesota Mining and Manufacturing Company, St 


Paul 6, Minn. Export Sales Office: 
99 Park Ave., New York 16, N. Y. In Canada: P.O. Box 757, London, Ontario. 
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NEW... 
SPEER 
PAC 





This new Speer Packaged Assembly Circuit offers you a wide 
variety of custom, preassembled units of high-quality components 
for use in conjunction with printed board applications. 


P.A.C. permits the insertion, as a group, of a full range of capaci- 
tors and resistors in simple or complex circuitry. Each P.A.C. is 
based on components of uniform dimensions, %” diameter and 5%” 
long. Component availability includes Jeffers tubular ceramic 
capacitors and Speer fixed composition resistors, providing wide 
circuit flexibility in a single P. A.C. unit. 


ADVANTAGES OF SPEER P.A.C. 
¢ Simplifies chassis design and assembly 
¢ Reduces printed circuit board area and insertion operations 


e Permits easy and low-cost component change-over to accommodate 
circuit revisions 


e Broad choice of characteristics—low capacitance temperature com- 


pensating units and high capacitance bypass capacitors mounted 
in same P.A.C. unit 


¢ Isolation of individually mounted units provides low shunt capaci- 
tance across resistors 


e Pretested components achieve unusually close tolerance assembly 


Learn more about the new Speer P.A.C. 
For information write to: 


JEFFERS ELECTRONICS DIV. 


Speer Carbon Co. Du Bois, Pennsylvania 


I speak of are not the standard ones 
.. . but are the actual requirements 
needed to obtain good reliable opera- 
tion in the particular piece of equip- 
ment.” 

“We should all keep in mind that 
the more difficult the specification the 
more problems we are likely to en- 
counter, which in turn may result in 
a lower degree of reliability; 
meeting blueprint requirements doe- 
not necessarily guarantee reliability 
We have had rejects because relays 
failed tests at 5 amp. When this was 
corrected, we then had field rejects. 
It was determined that these failures 
occurred in circuits that had currents 
of less than 100 milliamp. It is very 
possible that the original relay which 
had failed the 5-amp tests would have 
performed better in the field service 
If we are to have more and greate: 
reliability we must do away with 
some of these latest trends toward un 
called-for standardization and over 
designing. Too frequently an exces 
sive safety factor is added for on 
requirement and not enough for a: 
other. The specification must be ac- 
curate, or no amount of money will 
buy reliability.” 

Mr. Vetrano proceeded to cast 
some interesting light on the perplex- 
ing question of frequency and 
amount of testing in relation to re- 
liability assurance, stressing that 104) 
per cent inspection was sometimes 
objectionable in itself, aside from 
the cost incurred by the procedur 
and that it was far from an absolut: 
for reliability insurance: “Some 
points will require 100 per cent in- 
spection, whereas others will | 
worked on a sampling plan. A relay 
may be damaged due to excessive 
testing. Insistence apon 100 per cent 
inspection on both the final product 
and on subassemblies has sometime- 
caused deterioration of the relay 
which in turn may cause equipment 
failures.” ‘ 


Postcard return cards are provided 


on preceding back cover as a con- 
venience to the reader in obtaining 


further information on 


New components and materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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Blind assembly costs 
cut in half with 


A tip-in . . . a sidewise pull . . . and this new 
front-mounting SpPreep Gripe Bolt and Nut 
Retainer is locked in the panel without 
special tools or skills. 

The exclusive SPEED Grip locking feature 
provides enough lateral drift to compensate 
for normal production misalignment of the 
parts to be fastened together. 

Blind-panel assemblies no longer require 
awkward, time-consuming acrobatics for 
fastening. The problems caused by dam- 
aged threads in welded, staked, or clinched 
fasteners are eliminated. SPEED Grips can 
be slipped into place anywhere on the 
production line. 

These convenient, time-saving SPEED 
GRIPS are available to fasten a wide range 
of unit sizes and bolt diameters to a variety 

TIP INTO of panel thicknesses. Ask your Tinnerman 
PANEL HOLE representative for samples and engineering 
data. All major telephone directories list 
your closest Tinnerman Sales Engineer. 

Or write to 


TINNERMAN PRODUCTS, INC. 
P.O. Box 6688 + Dept. 12+ Cleveland 1, Ohio 


TINNERMAN 


Speed Nuls® 


LOCK INTO 
POSITION 


FASTEST THING IN FASTENINGS® 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 













No waveform 
distortion 


from G-E Inductrol* 
Voltage Regulators 





Abstract and Comment 


Ignition Distributors Tested Electronically 


THE DISTRIBUTOR TEST STAND shown in 


the photograph is used by the Ford 
Motor Company for production-line test- 
ing of fully assembled distributors. The 
equipment indicates the following im- 
portant operational characteristics of 
a distributor: 

1. Dwell and dwell uniformity 

2. Advance angle vs speed 
3. Firing uniformity 
1. Advance angle vs vacuum 
All information is displayed to the 
17-in tele- 
vision-type cathode-ray tube having a 


operator on the face of a 


long-persistence phosphor. The display 
size is 10 in. in the vertical direction 
and 15 in. in the horizontal. The overall 
accuracy is within 1 per cent of full 
scale on either axis. Provision has been 
made for a tolerance mask to be placed 
over the cathode-ray tube. 

Dwell and dwell uniformity are 
shown by means of the distributor 
the make 
aligned, eli- 


“make” and “break” pulses; 
pulses are automatically 
minating an) zero adjustments for this 
display. The operator sets the dwell to 
the proper value by adjusting the point 
distributor until the break 
pulses fall into the 


i 


the displ iv mask 


gap oft the 


tole rance slot on 


The advance ingle vs speed character 
displayed the ithode-ray 
i! time | the 

sh lee 





Distributor production line test stand. 


transducer operating with a vacuum 
source included in the test stand; for 
this test, the distributor is run at a con- 
stant speed 

A calibrated angle pulser is supplied 
on the drive shaft 


checking the 


of the equipment for 
nominal maximum ad 
vance point and the nominal dwell point 

the display mask, and circuits are 


vided lor i onvenient ilibration 
ch tive operator 


Dh test ¢ ipment wa deveioped 


Ball Bearings for Use in 
Pressurized Water Reactors 
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s better molded parts because of 


1200 years of 
tool and die 
experience 
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At least 50% of getting a good molded part depends on the 
quality of your mold. 


The composite photo shown to the left represents the broad 
and varied experience needed for the design and production 
of quality molds to close tolerances . . . it represents 100 
Richardson men with more than 1200 years combined ex- 
perience in the design and production of tools and dies for 
the production of molded plastic parts. 


The men who make Richardson molds know and respect 
This composite picture represents 100 Richardson the many “ifs” encountered in the design and production 
tool and die men with a combined experience of quality molds. They know that... 


of 12 centuries, . if your mold isn’t correctly designed, the resulting parts 


will not be according to specifications. 


.-- if your mold is not properly designed, the parts cannot 
be ejected quickly, production speed will be reduced, 
and unit cost increased. 


The Richardson mold and die shop 
at Melrose Park, lilinois, is one of the 
largest in the plastics industry. 





. if vour mold walle are not of uniform thickness, curim 
time is increased 
if vour mold is not properly designed. reeuhtin Keewerve 


flash muet be recoowed | hand s costly proceds re 
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No waveform 
distortion 


from G-E Inductrol* 
Voltage Regulators 


| nike man other typ ot voltage reg 
ulators, General Hleetric Induc trols intro 


duce no wavetorm di tortion 


bFeaturing drift-free control Inductrol 


maintam the ac or d-c voltage powerng 


electronic circuits within «1 ire small 


long tite ind require 


mintenance because they use no brus 


yrite Section 42 


Schenectad 


Regulators 


Progress /s Our Most /mportant Product 


GENERAL @ ELECTRIC 
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ignition Distributors Tested Electronically 


[HE DISTRIBUTOR TEST STAND hown mn 


bord 
for produc tion line test 


the photograph | ised by the 
Motor ( ompan 
ing Of fully assembled distributors, The 
equipment indicates the following im 


portant characteristics of 


operational 
i distributor 
1. Dwell and dwell uniformity 
’ Advance angle ve peed 
}. Firing uniformity 


+. Advance angle 4 
All information is displayed to the 


vacuum 


operator on the face of a 17-in tele 


vision-type cathode-ray tube 


having a 
long-persistence phosphor. The display 
size is 10 in. in the vertical direction 
The overall 
| per cent of full 


Provision has been 


and 15 in. in the horizontal 
accuracy is within 
cale on either axis 
made for a tolerance mask to be placed 
over the cathode-ray tube 

Dwell and dwell 


shown by means of the 


uniformity are 
distributor 
the make 
aligned, eli 


‘make” and “break” pulses 


pulse are automatically 
minating any zero adjustments for this 
sets the dwell to 
the proper value by adjusting the point 
gap of the distributor until the break 
pulses fall into the 


display. The operator 


tolerance slot on 
the display mask 
The advance-angle peed character 
atic 1s 
tube by comparing the 


break pulses 


displayed ) 


displayed on the cathode-ray 
timing of the 
with reference pulses (not 
generated by means of a 
pulser wheel. This display is initially 
zeroed by rotating the housing of the 
distributor in its clamp until the spot 
cathode-ray tube falls within 
the calibrated mask at speed of 200 rpm 
at thi should be 
zero. The distributor is then cycled re 


between 200 and 2000 rpm 


on the 


speed the advance 
pe atedly 
ind the resulting display is one of ad 


vance-angle-vs-speed; the curve is re 
peated each time the speed is cycled 
ilso shown in this 
display that 1 the 
break pulses i 
Acceleration from low to high 
adjusted to take 4 sex 


but on special order provision can be 


Firing unttormity 1 
dispersion of 
wider for non-uniform 
hring 
peed is normall 
made to reduce this time to about | sex 
The deceleration time is about 1 se 


when eveclic control is 


\ muum 
ously by 


being used 
advance is displayed continu 


means ot a vacuum electrical 


TaN 


Distributor production line test stand 


transducer operating with a vacuum 
source included in the test stand: for 
this test, the distributor is run at a con 
stant speed 

A calibrated angle pulser is supplied 
on the drive shaft of the equipment for 
checking the nominal maximum ad 
vance point and the nominal dwell point 
on the display mask, and circuits are 
provided for a convenient calibration 
check by the operator 

The test equipment was developed 
and built to Ford specifications by Air 


Instruments Laborator Ine 


New York 


bor ne 


Mineola 


Ball Bearings for Use in 


Pressurized Water Reactors 
PHILLIP R. EKLUND, 


Mechanism Development Section 
Bertis AEC PLANT 
ctric Cory 

EARLY IN THE nuclear reactor develop 
ment program it was evident that com 
mercial ball bearing materials and de 
signs were not acceptable for service in 
a high-temperature, high-purity pres- 


JUNE 1957 ELECTRICAL MANUPFA URING 





... better molded parts because of 


This composite picture represents 100 Richardson 
tool and die men with a combined experience 
of 12 centuries, 


The Richardson mold and die shop 
at Melrose Park, Illinois, is one of the 
largest in the plastics industry. 


Richardson engineers can assist your engineers in (1) 
redesigning parts for conversion from other materials 
to molded plastics, and (2) designing to improve molded 


parts now in production. 


For additional information and a copy of the newly 
published catalog, ‘Richardson Molded Plastics,’ write 
or phone, today ... Chicago number, MAnsfield 6-8900. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVES 


1200 years of 
tool and die 
experience 


At least 50% of getting a good molded part depends on the 
quality of your mold. 


The composite photo shown to the left represents the broad 
and varied experience needed for the design and production 
of quality molds to close tolerances . . . it represents 100 
Richardson men with more than 1200 years combined ex- 
perience in the design and production of tools and dies for 
the production of molded plastic parts. 

The men who make Richardson molds know and respect 
the many “ifs” encountered in the design and production 
of quality molds. They know that... 

. if your mold isn’t correctly designed, the resulting parts 

will not be according to specifications. 

. if your mold is not properly designed, the parts cannot 

be ejected quickly, production speed will be reduced, 
and unit cost increased. 


deri eal | 


P a 
ffs 


2 xs Se 


. if your mold walls are not of uniform thickness, curing 
time is increased. 

. if your mold is not properly designed, resulting excessive 
flash must be removed by hand... a costly procedure, 


The RICHARDSON COMPANY 


MOLDED AND LAMINATED PLASTICS 
. better plastics for better parts ‘ 


Dept. 17, 2799 Lake St., Melrose Park, Illinois 





NEVER A 
DOUBT WHEN 
THE PILOT 


LIGHT’S OUT! 


Don’t guess next time your control 
line pilot light goes out. Make sure 
you're using Westinghouse Push-to 
Test* indicating lights 

A gentle touch tests the light in 
stantly because an auxiliary set of 
contacts energizes the bulb. When the 


light flashes on, you know there is 


trouble somewhere wise in the circuit 
Shock-resistant, U.S. Navy-type 
lenses with wide-angle visibility 
assure the best performance. They 
are available in crystal, red, blue, 
amber, green and opalescent—frosted 
to eliminate false indications 
Push-to-Test lights are only one 
of many outstanding units in the 
Westinghouse Oil-Tite* pushbutton 
line. For further information, ask for 
the new booklet (B-7022) or the 
Pushbutton Guide (B-6749), a 72 
page catalog illustrating the complete 
line. Write to Westinghouse, Box 868 
Pittsburgh 30, Pa., or call your local 


Westinghouse distributor * Trademark 
30255 


you CAN BE SURE...iF ITs 


Westinghouse 


surized water environment. Typical ap 
plication is to the control rod drive 
mechanisms for a water-moderated re 
actor. Commercial ball bearings seized 
galled and wore severely even under 
small fractions of their rated load for 
oil lubricated service. Consequently a 
program of bearing development was 
undertaken to screen materials for wear 
resistance and corrosion resistance in 
the reactor environment. It soon became 
apparent that basic bearing design 
would have to be altered also if im 
provement in performance were to be 
realized 

The loads and speeds encountered in 
pressurized water-reactor applications 
are low, being in the area of 150 to 250 
lb load and from 11 to 40 rpm. The 
tests on bearings were normally run in 
water pressurized from 1000 to 2000 psi 
and from 200 F to 500 F. Purity of the 
water was closely controlled. 

All ball bearings designed for opera 
tion in high temperature, pressurized 
water are designed loose by commercial 
standards, Initial radial play and axial 
play are relatively large so that the 
large conformities of ball to races and 
wide contact angles will induce low 
contact stresses 

\ number of experime nts were made 
on bearings for a control rod drive 
mechanism involving a ball-nut led 
screw. Ball size variation, groove paral 
lelism and alignment were found to be 
very important. Annual Bearing Engi 
neers Committee (ABEC) class 5 toler 
ances were adopted for the inner race 
groove parallelism and shoulder square 


ness 


Increased Race Conformance 


Experience gained from tests indi 
cated that increased race conformities 
and higher contact angles tend to im 
prove the performance of bearings 
made from cobalt base alloys. Conse 
quently, present angular contact thrust 
bearing designs have a 53 per cent con 
formity on the inner race and a 56 per 
cent conformity on the outer race. Size 
111 radially loaded bearings have con 
formities of 52 per cent on the inner 
race and 54 per cent on the outer, with 
i radial play of approximately 0.001 in 

In the early phases of the ball bear 
ing test program it was felt that the 
ball retainer, or separator, might con 
tribute to the peak torques encoun 
tered. The radial bearing in the control 
rod drive is a filler-notch type bearing 
without retainer. For thrust-loaded ball 
bearings, the retainer pocket diameter 
should be 20 per cent greater than the 
ball diameters so as w allow freedom 
of ball motion 

Acceptable hearing materials were 
screened on the basis of corrosion re 
sistance, wear resistance, hardness, and 
galling and seizing characteristics. The 
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Bearing in the. worl. of Tolay 


EVERY TYPE—EVERY USE 


Ball Bearings 

Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 


'emeqg. U.S. Pat. OF. Tyson Seering Corporation 


INDUSTRIES, INC., PHILADELPHIA 32, PA. 


PRECEDING 





CLEVELITE’ 


Phenolic Tubing 


has proven dependability. It is quality 
engineered to meet virtually every requirement in 
the electrical field. 


Clevelite has high insulation resistance, exceptional 
chemical properties and good machinability to give 
product performance at its best. Available in diameters, 
wall thicknesses and lengths for your particular require- 
ments. 


The combined electrical and physical properties of 
Clevelite are essential to make your product better 
. at lower costs! 


We also make a complete line of kraft, fish paper, 
asbestos and acetate tubing. 


Fast, dependable deliveries at all times! 


"Ree. U. &. Pat. OF 


THE 


CLEVELAND CONTAINER 


COMPANY 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT « MEMPHIS + PLYMOUTH, WIS.» CODENSBURG HY - JAMESBURG HJ - LOS ANGELES 


ABRASIVE DIVISION of CLEVELAND, OO 


Cleveland Centeiner Conede, Lid, Prescot end Terente, Ont 


Representatives: 
NEW YORK ARTA. & 1. MURRAY, 604 CENTRAL AVE. EAST ORANGE HI 
mEW ENCLARD & S&S. PETTIGREW & CO. 62 LA SALLE 8D. WEST HARTFORD, CONN 
CHICAGO ARLA PLASTIC TUBING SALES, $215 B. RAVENSWOOD AVE. CHICAGO 
Wts! Coast iV. M. COCHRANE CO. 408 5. ALVARADO ST. LOS ANGELES 


field- was narrowed down to the use of 
cobalt-base alloys and a few of the 
stainless steels. Tungsten carbides are 
not acceptable because the cobalt 
binder leaches out in high-temperature 
oxygenated water. Type 440C stainless 
steel has proved somewhat marginal in 
reactor test applications. However, a 
modified version of 440C with the 
molybdenum content increased to 4 per 
cent instead of the usual 0.75 per cent 
has shown excellent corrosion resist 
ance 

Of all the materials considered, the 
most satisfactory race material for non 
shock application is cast No. 19 cobalt 
base alloy (52% Co, 18% ni, 31% Cr 
10% W). For shock applications the 
No. 25 alloy is preferred (50% Co, 
20%, Cr, 150 W and 1% Mo). A con 
siderable amount of processing and 
cold working is required to make the 
No. 25 alloy suitable for ball bearing 
applications. To eliminate the high cost 
of the No. 25 alloy and its processing 
a hard facing has been applied by 
acetylene torch to type 304 stainless 
steel base material. The alloy deposited 
is similar to alloy No. 19 but with lower 
nickel content 

Another material showing promise is 
chromized 440C stainless steels. The 
process produces an integral chrome 
rich surface which shows excellent 
corrosion resistance in the various high 
purity water media 

It was concluded that the addition of 
a small amount of lubricant to the 
water medium might improve bearing 
performance. Tests indicated that by 
adding only 0.2 per cent polyalkylene 
glycol a 15-to-l reduction in wear was 
effected compared with a plain water 
lubricated bearing. A considerable re 


duction in torque was also obtained 


Abstracted from a paper presented be 
fore the American Society of Lubrication 
Engineers National Meeting Detroit 
Mich April 15-17, 1957 


Quality Control Starts 
With Design Function 


INDUSTRY MUST LOOK TO new total 
quality control to meet the rising ex 
pectations of consumers for more value 
per price dollar, General Electric Com 
pany's manager of quality control said 
here 

“Year by year, whether housewife or 
large corporation the consumer has 
been asking for and receiving progres 
sively higher levels of product quality,” 
Armand V. Feigenbaum told the 12th 
annual conference of the Society for 


Advancement of Management and the 
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y Telephony's Nervous System 


- 


U 


¥ 


” 


... relies on ‘‘neurons" of Seymour Nickel Silver 


Dial telephones carry your voice to the ends of the earth 
through an intricate electrical network which closely 


resembles the human nervous system, Seymour nickel 
silver plays a key role in modern communications ; 
part of the North Electric Company “Crossbar Switch 
ing System Which automates independent telephone 
company exchanges 

Tiny, neuron-like contacts on North Crossbar switcl 


n 
assemblies rely on flat springs of 


Long distance telephone operators link distant points 


to the North Crossbar System in Seymour, Indiana 


DS, PRECEDING BACK COVER 


even tempered »cy- materials probl ms I 


our nickel silver for trillions of “makes-and-breaks 


to work, corrosion-r tant and possessing ex 
nt conductivity, Seymour nickel silver has an en 
eputation for qualit nd uniformity among 
ol manutacture Ww iy 
SEYMOUR, You if wood!" 
Perh Seymour ft tallu in help solve yo 


u ment 


“ 


THE SEYMOUR MANUFACTURING COMPANY 


8 FRANKLIN STR I, YMOUR, CONNECTICUT 
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H&V PAPERS Ma 


SEAL POWER IN... 


KEEP CONVERSATION 


IN THE LINE... 


It takes a highly refined QUALITY insulating 
paper lo keep power cable or tele phone transmission 


lines from leaking 


Strong. untform, low powel factor, excellent 
chelectric stre nygth are but a few of the reasons for the 
the use of H & \ insulating papers by leading power 


cable manufacturers lor more than 20 years 


” 


Available in thicknesses from .002” to .030 
H&V papers also excel for coils, transformers, slot 


msulatiwon of as lightwe ight struc tural insulation 


Our Research Laboratory wall he ip you select 
al paper from Various combinations ol raw material 
that will meet the properties you require 


Write us about your problem 


aap penpyn & VOSE 
COMPANY 


EAST WALPOLE, MASSACHUSETTS 


Manufacturers of Technical and Industrial Papers 


American Society of Mechanical Engi 
neers, held in New York, May 8 
Thus, he said, the 1957 era of compe 
tition in the American market place 
is fully as much an era of quality 
competition as it is one of price compe 
tition. Recognition of this fact—and 
dealing with it adequately is one of the 
great management problems of the day 
Quality levels for motors and gener 
ators tighten appreciably year by year 
and consumers are progressively more 
minute in their examination of the 
finish of appliances or in their judg 
ment of the fidelity of radio and tele 
vision sets. For critical products on 
which human safety already depends 
such as airborne electronics and naval 
ordnance, military quality requirements 
are being made progressively more 
sensitive, A key result of this cus 
tomer demand for higher quality prod 
ucts has been a rapid and dramatic 
obsolescence of in-plant practices and 
techniques for controlling the quality 


of the products being manufactured 


Complex Test Equipment Needed 


Performance testing requirements 
call for more and more complex testing 
equipment. Previous near intangible 
like dust and humidity have become 
both extremely important quality prob 
lems and object for elaborate safe 
guards. Automation, in which rapid 
quality evaluation is a pivotal point 
has magnified the need for mechaniza 
tion of inspection and test equipment 
now mostly in the hand tool stage 

(As a major consequence of this in 
plant obsolescence, quality cost have 
become a multi-million dollar expen 
diture item, Mr Feigenbaum said. In 
some cases the costs have become 80 
per cent, 90 per cent and even more 
is related to total direct labor dollars 
As a result, he said, American industry 
must effect improvement in the quality 
of many products and in many quality 
practice And these quality results 
must he accomplished simultaneous! 
with ubstantial reduction in over-all 
qualit cost 

better product quality ind low 
quality costs cannot be achieved 
concentrating pon any one phase 
the evcle alone inspection 
gineering reject trouble 
erator education or stati 
i but through a program 
quality control 

Such a program takes in the entire 
manufacturing cycle from desig 
through shipment, as contrasted with 
the older inspection concept in which 
coverage was essentially confined to 
the shop floor. The theme of this tra 
ditional inspection activity was that 
“they (bad parts) shall not pass.” The 
total quality control concept is to 


“make the parts right the first time 
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what makes this fastener 


DIFFERENT’? 


Several things. Rollpin® is a slotted, chamfered 
cylindrical spring pin which drives easily into a 
hole drilled to normal produc tion standards. It 
lo« ks see urely ith place yet can be drifted out and 


reused whenever necessary. This eliminates 















special machining, tapping, and the need for hole 
reaming or precision tolerances, Rollpin replaces 

taper pins straight pins and set screws; for many 

applications it will serve as a rivet, dowel 


hinge pin, cotter pin or stop pin. 


And here’s another difference that makes Rollpin 
the quality fastener in the field: ESNA’s (quality 
control builds consistent strength and 
performance into every Kollpin. Rollpin is 


uniform as to she il tre nuth dimensions 












hardness, and insertion and removal forces. 


HOW YOU INSERT IT 


AE SAN SB A oS, RMR Rie EID POE ITE Si 
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» 
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Drives easily by hammer, arbor press, or air Locks securely in place without using a sec Removes readily with a drift pin without dam 
cylinder and can be readily adapted to an ondary locking device; won't loosen despite im age to pin or hole, can be used again and 
automatic hopper feed. Requires only a stand pact loading, stress reversals, or severe vibra again in original hole 

ard hole, drilled to normal production-line tol tion 


erances 


HOW YOU SAVE 


You pay |e for Rollpins than for most tapered, not hed 


grooved or dowel pin Installation cost ure substantially 


less than for any fastener requiring a precision fit or sec 


ESHA ELASTIC STOP NUT 
ta CORPORATION OF AMERICA 
| Dept. 840-622, 2330 Vauxhall Road, Union, New Jersey 


MATERIALS AND SIZES | 


onda locking operations 
Because of their tubular shape, Rollpins are lighter 
than solid pins. Production maintenance is reduced with 


Rollpins: they do not loosen and because of their spring 








iction they te nad to « ontorm to the drilled hol in whic h 






they're inserted, without material hole wear eliminating 






the necessity of re-drilling o1 using oversize pins 


Rolipin Bulletin 





Here is a drawing of our product 
| 1 St ut 
Standard Rollpins are made from carbon steel and Type Elastic Stop nut Bulletin What self-locking fastener would 


: , you suggest? 
120 corrosion resistant steel, They're also available in 










Name Tiel 
beryllium copper for applications requiring exceptional ite 
resistance to corrosive attack, good electrical, anti-mag- Firm 
netic, and non-sparking properties. Stock sizes range from Street 


062” to .500” in carbon and stainless steels 
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MINIATURIZED CONNECTORS! 


AMPHENOL’s super-reliable Micro-Ribbons are now 


available in cable-to-chassis mountings. Providing all 
of the remarkable Micro-Ribbon advantages for this 
needed application, these new types feature cadmium- 
plated brass shells with clear chromate treatment, 
gold-over-silver plated contacts, dially] 

phthalate dielectrics. 

If you are cramped for space, here is how these 
connectors work for you. The largest cable-to-chassis 
pair contain 50 contacts—yet, mated, measure 
only 3.8 square inches! 


At 5 amps Micro-Ribbon connectors are rated at 


700 Volts D. C. at Sea Level, 200 Volts D. C. at 70,000 feet. 


They are available in 14, 24, 36 and 50 contacts. 


AMPHENOL ELECTRONICS CORPORATION 
chicago 50, illinois 
“BUILDING TO THE FUTURE OF ELECTRONICS” 


AMPHENOL CANADA LIMITED toronto 9, ontario 


Emphasis is on defect prevention so 
that routine, afterthe-fact inspection 
can be substantially reduced. 

The General Electric executive said 
that the total quality control program 
has been organized to begin with new 
design control, to control incoming pur- 
chased parts and materials, to control 
materials, parts and batches from ma- 


| chines, processes and assembly lines 


and to conduct special analyses of fac- 
tory and processing problems. All 
company employees must be held ac- 
countable for their responsibilities in 
making total quality control success- 
ful, 000 


Tube Development Extends 
Radar Horizon 


Mitirary secrecy has been lifted from 
a new electron tube that allows radar- 
type devices to see targets more 
clearly and at greater range. Developed 
by Raytheon Manufacturing Company 
under sponsorship of the U. S. Army 
Signal Engineering Laboratories, Fort 
Monmouth, N.J., the new tube’s peak 
power is equal to that needed to light 
a city of 200,000 people. 

Called an “amplitron,” the new tube 
effectively increases the radar’s per- 
formance by amplifying or boosting 
the energy output of the basic signal 
as much as 8 to 14 times. When added 
to the air traffic control radars now 
being built by Raytheon for the Civil 
Aeronautics Administration, the effect- 
ive range of these sets will be in 
creased from 200 miles to about 350 

The amplitron microwave tube com 
bines high power, wide frequency 
range and other features that help 
improve radar’s ability to distinguish 
moving from fixed targets—all essen 
tial to advanced radar systems. The 
new tube is extremely valuable for 
use in the presence of jamming, and 
as a navigational aid for military and 
commercial aviation. 

The amplitron’s advanced features 
plus its comparatively small size and 
light weight will make it possible to 
develop special-purpose radars to be 
carried by planes and missiles. Earlier 
tubes having the desired bandwidth 
were too bulky for this purpose 

This application is expected to ma- 
terially improve the efficiency and 
ability of beam-riding planes and 
missiles to reach their objectives. Am 
plitron-equipped radars will be able 
to scan an assigned area electronically 
without sweeping their antennas or 
resorting to mechanical or electrical 
adjustment. Reliability of radars 
equipped with the new tube will be 
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a 
“ DEDUCTION 
POINTS TO 


FASCO 


INDUCTION / 
_ MOTORS AND / 
)) BLOWERS 


4 


a 
~~ Ps 
So “_ 


You don’t have to be a Sherlock Holmes to deduce that 

the right solution to any small motor or blower problem 

is FASCO! No other name so quickly connotes quality 

and dependability. No other manufacturer makes such 

a complete line of shaded-pole FHP motors, 1/500 to 

% H.P....and centrifugal blowers rated from 15 to 

320 C.F.M. ... or is better equipped to design, produce 

and deliver special models speedily and economically. 

. s 

This Catalog contains cc lete ' % 

9 VSS COSNEES CONRD Save time...save money... é 
data on FASCO FHP Motors 


and Centrifugal Blowers. A copy 


is yours for the asking CONSULT ASCO . +» FIRST! ‘ 9 


> ry 
YW a 
Composite view of the three F'asco Plants i / 


in Rochester, N. Y. and Fayetteville, N. C 


FRACTIONAL H.P. 


MOTORS 


FASCO INDUSTRIES, INC. 


ROCHESTER 2, NEW YORK 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





NEW EAGLE STEP SWITCH 
SIMPLIFIES CIRCUIT SEQUENCING 


. «+ for machine tools, presses, conveyors, processes 


These 3 basic ideas are yours 
for simplified interlocking or sequencing 


of multiple load circuits. Any and all 


three will eliminate many others electrical 


component 


Operating load circuits in sequence: 


A limit 


< hime oT 


switch on a ma 
indexing device 
‘ lo ‘ and opens upon 
each operation to advance 
the kagle slep swit h. Or 
a timer 


may be u ed to 


operate ear h load circuit 


for a predetermined time, 


Interlock sequence: 7 wo limit 
Thi provide a 


It in 


ilety feature. 


mac bine ha 


Interlock sequence with several limit switches: 


switch advance the Eaglh lep 


oper ite in 


equence o1 the tep wits 


and cut your initial cost. 


witche 


ures 


are opel ile 


d alternately. 


that the movement of the 


been completed he fore the Lagh lep 


witch one po ition 


wont ady 


witch advances. 


Switche 


wee 


Send for new Eagle Bulletin 850. Simply write to Eagle 


Industrial 


( orporation, 


iM Oo: 


Lime rs 


Division, 


Moline, 


Illinois, 


| ac h 


limit 
must 


Signal 
De pt. 


pre atly 
shift frequencies 


or dodge 


improved, allowing them to 


quickly to overcome 
interference 


The amplitror s small size and low 


power requirement reduces cost and 


power supply problems It is one 


quarter the size of previously avail 
able devices that could amplify power! 
lo comparable levels, and 
less than half the 


othe r 


operates on 
voltage required for 
ampliher tubes at 


lrequencies 


microwave 


The amplitror is twice a e ficient 
as any present tube of 


comparable 
bandwidth 


10 times the band 
width of any tube of compar ible 


and ha 


power 
The new tube 


Kavtheon 


i at outgrowth of 
pioneering work 


with mag 
netron tubes that led to 


ma product 


World War I 


tion of radar sets durit 


Engineering College 
Enrollment on the Increase 


More STUDENTS ARE PREPARING for en 


gineering careers this year than at 
1948. Figure compiled b 
Othee of Education (U.S. De 
He ilth 


and the 


an 
time nee 


the US 
partment of 


Welfare) 


Engineering Education show a total of 
243.000 


Education ind 
American Society for 


ne irly tudyving in 


last fall 
is almost equal to the 
1947, when the colleges were 
World War Il 
day trend j still 
These increasing 


W. L. Everitt 


k.ngineering 


wcecredited 
This total 
high «of 


engineering college 


ill-time 
pairitne d 


veteran And to 


ipward 


with 


number i) 
dean ot the ( olle ue 
of Illinois, and 


American Society for 


L niversity 
pre ident of the 


| ngineering Education 


emphasize the 
overt whe In ing 


ollegs 
teachers to 
Indu irs 


yrad ile 


problem 


of engineering 
hortage ot qualified 
meet predicted need 
eeking 
han it find 
othe ma take 


The enrollment of 


more engineering 

in college place 
heart in thi 
enior 
tudent mn engineering thi fall wa 
ip 20 per cent over 1955 when grad 
uates numbered nearly 24,000 


Engineering student thi veal 


imount to 12.5 per cent of the total of 
college 


men attending compared with 


12.1 per cent a year ago. Graduate 


studies in engineering also show a 


rapid gain in though the 


mall This 


vear s 22.2940 master « decree 


popularity 
numbers involved are still 
students 
is 20.8 per cent more than the 
About 3400 
working toward doctor's degrees in en 


numbe I 


last year students are 


gineering this year (up 7.6 per cent 
Engineers graduating with bachelor + 
degrees during 1955-56 totalled 23,547 
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Enjay Butyl—today’s super-rubber 
improves pipeline protection...cuts costs! 


Plicoflex® Tape Coating, revolutionary new pipeline wrapping developed by Plicoflex, 


Inc., combines the outstanding protective properties of Enjay Butyl Rubber with 
the identification properties of a color-bearing plastic film to which the Butyl is 
laminated. Applied over an Enjay Butyl based primer and forming a permanent 
bond to the metal, the tape features: absolutely no moisture migration or penetration; 
exceptional resistance to shock-impact; excellent dielectric properties, and out- 
standing resistance to normal and unusual corrosive influences. This cold-applied 
wrapping 1s safer and cheaper to apply by hand or machine than hot coatings and 
requires fewer personnel. 


This is still another in the steadily growing number of products developed with 
Enjay Butyl Rubber. Contact the Enjay Company for complete information about 
this truly wonder rubber... where it can help you! Complete laboratory facilities, 
fully staffed by trained technicians, are at your service. 


Pioneer in Petrochemicals 


EMJAY COMPANY, INC., 15 West Sist Street, New York 19, M. Y. 


Akron + Boston « Chicago + Los Angeles « New Orleans «+ Tulsa 


CARDS, PRECEDING 


BUTYL 


tyl is the super-durable 

rubber with oulstanding resistance 
to aging ¢ abrasion -« tear « 
chipping * ¢TackKing « ozone and 
* chemical * gum . 


| 


old « sunlight « moisture 





Your Electro-Tech “Rep”... 


brings technical assistance 
right to your production line 


Your Electro-Tech representative 1s 
more than a salesman he’s a spe 
cialist who keeps up-to-date on the 
latest developments in insulation 
You can count on getting his expert 
assistance the moment it’s needed 

Right now, your Electro-Tech 
Rep” is working with manufacturers 
in solving insulation problems 
frequently contributing ideas that im 
prove quality, save time and speed 
up production 

Your Electro-Tech distributor 
stocks a complete line of Electro 
lech coated and impregnated paper, 


cloth, glass cloth and asbestos cloth 


insulations in rolls, sheet and tape 
All of these insulations are known 
for their excellent characteristics in- 
cluding high dielectric and mechani 
cal strength, high temperature and 
moisture resistance, light weight, 
flexibility, and many others 

What's more, your representative 
is backed by the Electro-Tech staff, 
laboratories and facilities—where 
custom-built insulations can fre 
quently be manufactured at mass 
production prices. For the latest in 
formation on insulation write for the 
name and address of your nearest 


Electro-Tech distributor 


oO Electro-Technical Products 


DIVISION OF 


/ Su 


Sun Chemical Corporation 


113 East Centre Street, Nutley 10, N. J 


DIVISIONS OF SUN CHEMICAL CORPORATION 


HORN (paints, maintenance and construction materials, industrial « 


industrial chemicals 


oatings) « WARWICK (textile and 


* WARWICK WAX (refiners of specialty woxes) « RUTHERFORD (lithographic equip 


ment) * SUN SUPPLY (lithographic supplies) » GENERAL PRINTING INK (Sigmund Uliman « Fuchs & Long « 


Eagle + American + Kelly » Chemical Color & Supply inks 
PRODUCTS (coatings and plastics) + PIGMENTS DIVISION (pigments for paints, plastics 


oll kinds OVERSEAS DIVISION (export 


366 


A. C. HORN COMPANY, LIMITED (Canode 
PRINTING INK CORPORATION OF CANADA, LIMITED - 


* MORRILL (‘mews inks) « ELECTRO-TECHNICAL 
printing inks of 
GENERAL 
FUCHS & LANG de MEXICO. $ A. de C. V 


compared with 20,200 in the previous 
year. In 1949-50. when the peak of 
World War II veterans were finishing 
their college careers, 48,160 engineers 
were graduated. But the numbers de 
clined rapidly after that, and especial] 
since the Korean War the nation has 
been feeing an increasing pinch in the 
supply of competent talent. 

Mechanical engineering is the most 
popular field among engineering grad 
uates of the last eight years, followed 
closely by electrical engineering. But 
electrical engineering is today’s most 
popular field, and 20% of this year’s 
undergraduates expect to take electrical! 
engineering degrees. Nearly 17% are 
in mechanical engineering. Electrical 
and aeronautical engineering are grow 
ing fastest as college students’ choices 
Electrical engineering lead in master’s 
degree students’ choice with mechani 
cal, next 

The highe st number of doctor's de 
grees awarded during the past eight 
years has been almost consistently in 
chemical engineering with electrical 


engineering second, and mechanical! 
third 

The full report on 1956-57 enroll 
ments is published in the March 1957 
number of the Journal of Engineering 
Education, oficial ASEE monthly 


00 C 


Engineers Are 
“‘Aristocracy of 
Necessity” 


ENGINEERS “HAVE BECOME the aristoc 
M S 


president of the American Institute of 


racy of necessity,” Coover 
Electrical Engineers, said in an address 
at the ALEE Great Lakes District Meet 
ing Des Moines, la. “Never before in 
all history has society become more 
conscious of its dependence upon sci 
entists and engineers. Industry depends 
upon them for a steady stream of new 
and diversified products so that busi 
ness may continue to be both the main 
spring and the balance wheel of our 
economy. Society depends upon them 
for national survival through their in 
genuity to develop, produce, and de 
liver instruments of destruction if need 
be. Engineers thus have become a con 
modity in short supply in some areas 
Mr. Coover, who is administrative 
Engineering 


assistant, Division of 


lowa State College warned, however 
that enginers should not allow them 


selves to be disillusioned by this sudden 


9 ELECTRICAL MANUFACTUI 





Now! A Low-Priced Completely Static 
Voltage Regulator 
by 


ICKERS. 


For Fast, Accurate 
Voltage Regulation of 
60-Cycle Alternators 


This new unit is ideal for applications where 

How the Vickers Static a simple and inexpensive but rugged voltage 
regulator is desired. The Vickers regulator i 

Voltage Regulator Works i a ee 


a single-stage magnetic amplifier unit utiliz- 
Di NN DDR RR tel 
rn , 


ing selenium rectifiers and wire wound re- 
rd 


ae sales baw 
re sistors. It is completely static, with no moving 
Che parts, and is thus not affected by vibration. 


60 Cycles Other features 
PRIME MOVER 


@ Works into 20 to 100 ohm exciter field 
resistance without adjustment. 


c r . : : 
saath des @ Supplies excite: field current within a 


range of 0.15 to 1.35 amperes, 


A detector Connects directly to 208 to 240 alter- 
reactor senses nator without need of a potential trans- 
level of former. ¢ )perates w ith alternators having 
alternator output any output voltage when used with a 500 
voltage and supplies a control signal to the VA potential transformer. 

magnetic amplifier stage. The amplifier in 
turn maintains alternator output voltage con- 
stant by supplying controlled excitation to 
oem Se MeO ice ECR ogc 
PSC ome Meme et oe 


Adjustable line drop Or reve tive current 
compensation provides Z0TO droop at a 
given load when a Vickers accessory cur- 


rent transformer is used 


Extreme ly simple to install, with only 6 
terminal connections 


Write Today for Compiete information, Including New 


. ' 
Trade Mask Brochure, on the Vickers Static Voltage Regulator. 


VICKERS ELECTRIC DIVISION 


VICKERS INCORPORATED a8 unit of Sperry Rand Corporation 


1803 Locust St. Saint Louis 3, Missour 


LEADERS IN ELECTRICAL CONTROL £QU/PMENT 
Magnetic Amplifier Components and Contro! Systeme 
Seienium Rectitiers « Magnetic Particie Brakes and Clutches 

Photoelectric Celis 


READER IN¢ 





WIRE 
WITH 
400 LIVES 


New “High Strength” wire with 


‘ 
‘ ey 
’ ; 


25% greater ‘‘tensile strength’”’ 


THE PROBLEM: Stranded hook-up wire users are 
experiencing excessive, costly and often dangerous 
conductor breakage, especially in the smaller, more 

susceptible conductor sizes (32 AWG to 24 AWG) 


THE SOLUTION: A brand new mechanically improved, non-magnetic 
conductor, called “High-Strength” wire, has been developed by 
Hitemp Wires, Inc. Exhaustive tests of the new wire, which meets 
the requirements of MIL-W-16878, show tremendous improvement over conventional 
stranded wire... a truly amazing average of 400% longer “flex-life’’ and 25% 
greater ‘tensile strength.” Another giant step by Hitemp to meet the growing 
needs of America’s industrial and defense requirements 


Write today for full information! 


dependency upon them but should con- 
tinue to develop after college. 

The skills and the ability of the 
engineer touches all human existence 
more closely with each passing year 
A+ a result, the seale of our lives is 
constantly shrinking and the pattern of 
our lives is being reshaped for better 
living. By the very nature of his train- 
ing, the engineer is expected to think 
clearly, vigorously, and to approach his 
assignments with a disciplined mind.” 

We realize that an extremely high 
degree of specialization is essential in 
some areas, but even so, this same rig 
orous type of training on the part of 
the engineer can also be a precious 
asset to society if there is a disposition 
to take an active interest in civic affairs 
with a willingness to weigh evidence 
dispassionately free from fears and 
prejudice This kind of interdepend- 
ence can lead to the development of 
professional citizenship as well as su 
cesstul professional engineering. 

Mr. Coover said that as time goes on, 
the duties of the successful engineer 
are bound to change, sometimes slowly 
sometimes rapidly. Sometimes new as 
signments are not too closely related to 
previous ones either in kind or geo 
graphic location. Generally they bear 
heavier responsibility to his employer 
to his employer's customers, and to the 
community. He probably has been re 
ognized not only as an engineer but as 
an upright citizen with concern over 
«cial attitudes and public policies 
Most likely he has shown an awareness 
that science and research are essential 
to the continued existence of his com 
pany 's business and that they are inter 
woven with the cultural forces of edu 
cation, reglion, government, industrial 
relations, politics, and communications 
Furthermore, it is highly probable that 
he is being careful not to overlook 
moral, ethical and spiritual values, he 
concluded 


Silicone Paint Improves 
Appliance Heat Performance 


CERTAINLY A BLACK SURFACE absorbs 
more light than a white one, but does 
it absorb more heat? According to 
A. D. Smith of Westinghouse, speak 
ing before the AIEE Domestic Appli 
ance Conference in Cleveland, it may 
absorb less. 

He pointed out that it is the chem 
ical and physical nature of a surface 
that determines its heat absorption 
value, not its color. He indicated that 
frost, although it is visibly white and 
a good spectral reflector, absorbs 98.6 
per cent of all incoming radiation in 
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Add new values 
to your new products 


...with Mallory Mercury Batteries 


Designing dry cell powered products . . . transistor 


radios, ‘‘cordless’”’ clocks, alarm systems, portable 


instruments. 


Give them new values in performance, convenience 
and miniaturization, by designing around Mallory 
This 


pioneered and perfected by 


Mercury Batteries unique energy source, 


Mallory, offers you 
properties never before possible 


Long life . . . several times that of conventional bat- 


teries... reduces need for replacement, provides 


unequalled dependability, gives low hourly cost 


Constant discharge gives ‘‘fade-free’’ performance, | 


Parts distributors in all major cities stock Mallory 


standard components for your convenience 


Serving Industry with These Products: 


Electromechanical Resistors * Switches * Tuning Devices * Vibrators 


Electrochemical Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical Contacts * Special Metals * Welding Materials 


ideal for use with transistors. Precise voltage | 


useful as a reference source in instrument and 


bias cell circuits. 


Miniature size. . . a lot of energy in a little space 
the 


ment with self contained power to new 


has made it possible to shrink size of equip 


tandard 
of compactness 
Mallory Mercury 


withstand extreme temperature and humidit 


Ruggedness Batteries can 
for 


military or severe commercial service 


allable 


and for a consultation on 


A complete range of ratings and sizes is av 


Write to Mallory for data 


your own battery requirement 


Expect more...get more from 


MAMORY 4&2 CO. ine INDIANAPOLIS 6 INDIANA 





if it’s a capacitor. 


C-D makes il 
and makes it better! 


The World's Tiniest! Miniature and Sub-Miniature Electrolytics! 
Designed particularly for applications where space is at a premium 
C-D's Type “EC” 
1 


ceramic-cased electrolytic capacitors are less than 
4” in diameter, only \%” long. Ideal for hearing aids, transistorized 


devices, remote control assemblies ete 


For sub-miniature applications, C-D’s 3 Tantalum Type capacitors 
feature low P-F; hermetic seal, long shelf life. Type “TX” with 
sintered anode; “TAN” miniature foil-type; “NT” sub-miniature, 
wire anode-type 


For all-around reliable service, C-D’s type “UP” is made in the 


smallest tubular aluminium can for any given capacity and voltage. 
For printed circuit 
“NL” hermetically 


applications, C-D now ha 
sealed electrolytic 


available the type 


For the finest capacitors in miniature and 
specify Cornell-Dubilier 


sub-miniature sizes 

consistently dependable since 1910. En 
gineering samples sent on request. Write for Engineering Bulletins 
to Cornell-Dubilier Electric Corporation, South Plainfield, N. J. 


CORNELL:-DUBILIER CAPACITORS 


* @ CaAMmeRIT Mase 
VAPOLIS nO SANFOR sou 


¥ 


’ @ SUBSEIDIARY, THE RADIART CORPORA 


LIRR ELECTRIC NTERNATIONAL NM 


¥ 


the infrared range. This is one of the 
highest heat-absorption values known 
\ thorough 


factor is extremely 


understanding of this 
useful in the de 
sign of electrical appliances. Such 
otherwise mysterious problems as high 
table-top temperature, 


extreme power 


requirements, and inaccurate thermo 


stats are often solved by changing one 
ol the 
even simpler 
ot the 

One of the most effective 


materials subject to heat: of 
coating it with a finish 
proper absorption value 

finishes 
available. according to Smith, is a 
mica-pigmented coating based on Dow 


Although al 


most colorless, it has an 


Corning silicone resins 
absorption 
rating of 96.5 per cent, or the highest 
Thin and flex 
ible enough to withstand heat expan 


of any finish yet tested 


sion and contraction inside an appli 
ance, this silicone-based finish retains 
its physical and absorptive values de 
spite prolonged exposure to heat 
sources as high as 500 F., 

Its effectiveness is evident in a waffle 
baker in which heat-absorbing interior 
coatings alone reduced power required 
from 1000 to 800 watts and 
halved the 


Much of the difference in perform 


almost 
preheat and cooking time 
ance was obtained by coating the 
underside of the aluminum grids with 
a heat-absorbing cement. The improve 
ment was so drastic, in fact, that the 
thermostat lagged and over-traveled 
Ihe thermostat itself was then coated 
with the silicone-mica finish, and a 
similarly finished baffle was installed 
to cut off radiation from the coils 

Radiation, therefore, 


only from the 


was picked up 
grids and by conduc 
tion, resulting in a highly sensitive 


thermostat and a much faster and 


more economical unit For example 


Plain Treated 
Aluminum Grids and 


(rids Thermostat 


Wattage 1000 800 
Calibration, deg I 20 475 
lable-top temp 

deg fF 120 
W ire-connection 

temp, deg } ] 414 
Waffle time, min 4\/ 


Preheat time, min } i. 


Where heat reflectance 


ibsorption is 


rather than 
desired, according to 
Smith, an aluminum finish based on 
epoxy resins can be used, simply be 
cause reflectance is so high that sur 
remains low 

While effective “as is”, the silicone 
finish is best dyed or colored black 


Smith says, for 


face temperature 


psychological effect 
Customers will associate a black fin 
ish with good heat absorption, even 
if incorrectly. It also eases visual in- 
spection of the parts involved at the 
factory 
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HEAT RESISTANCE 
pilus DIMENSIONAL STABILITY 


ELECTRICAL 


When electrical insulators are re- 
quired to be heat resistant as well 
as dimensionally stable, Electrical 
Porcelains are a logical choice. 
These compounds of inorganic ma- 
terials—consisting of various types 
of clay, feldspar and flint—fused in 
the kiln— maintain their inherent 
insulating properties under the most 
severe service conditions. Softening 
temperatures of porcelains are be- 


The combination is a natural for 


PORCELAINS 


tween 2500 F. and 2700 F. 

Electrical Porcelains are valued, 
too, because they are inert to most 
chemicals and corrosive vapors. 
Parts may be placed in proximity to 
soldering or brazing without risk of 
vapor absorption. 

Any of the companies listed be- 
low will be glad to consult with you 
on your insulation problems, prefer- 
ably while the design is still fluid. 


THE AKRON PORCELAIN CO 5000 cose 


Sponsored by these members of the | Siti on rea 
NSM TLIASTMARTR TTR U MET THANAT IME 1Hc COLONIAL INSULATOR CO ss» unons sracer set 

ac eincapageeconmiatt: or yetoroessenopatianmmalieas 

MANUFACTURERS ASSOCIATION PORCELAIN PRODUCTS. INC. west oan 


THE UNIVERSAL CLAY PRODUCTS CO i+ 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Important! 


Specify TEFLON 
by its 
properties! 


TEFLON can provide extraordinary physical, electrical, 
and chemical properties, but these properties cannot be 
taken for granted. 


The method used to convert Teflon powder into fin- 
ished rods, sheets, and tubes greatly affects the quality 
obtained. This quality, in turn, governs the properties of 
the end product. 


So to assure performance, actually specify not only 
Teflon but also the important properties required. 


Two grades of Fluoroflex-T deliver the optimum prop- 
erties you specify for Teflon. 


(1) “Electrical grade” Fluoroflex-T is certified to con- 
form to all important electrical and physical proper- 
ties. It meets the most critical requirements. 


A more economical “mechanical grade” satisfies all 
chemical and thermal needs and offers up to 50% 
greater resistance to elongation under mechanical 
loads. 


Both grades are produced under exacting quality con- 
trol standards and are stress relieved to insure that ma- 
chined parts are dimensionally stable. 


Send for data or better still tell us what specific 
properties are important for your application. 


@ Tefion ts @ DuPont trademark. Fluoroflex ts a Resistofiex trademark 


RESISTOFLEX 


CORPORATION . Roseland, N.J. Western Plant: Burberk, Calif 
Southwestern Pient: Detles, Tex 


WAREHOUSING DISTRIBUTORS CHICAGO, tLt ‘ si 2 ' ‘ } * iret ‘ I 
Detroit, Mich } i Wrig ‘ + Hertford, Conn i sl Ba . i ‘ + Heuston, Tex 
ru ‘ ‘ + Lee Angeles, Calif j ‘ + New York. N.Y Alile I 
+ Nerweed Mase ‘ + Pitteburgh, Pa Kh 


Engineering 
Standards 


Die Casters Announce New Standards 
Available to speciher ind buyers of 
die castings are comprehensive Stand 
irds covering the principal provisions 
vital to die casting purcha ing con 
tract 

De signated as the ““¢ Series the new 
Standards constitute a presentation of 
the prevailing and customary arrange 
ments normally found in the proposal 
and acknowledgement forms used by 
the die casting industry 

Consisting of eight pages, the “¢ 
Series of Product Standards covers 
such subjects as: Commercial Terms of 
Orders; Inserts and Gages; Patents; 
Limitations on Inspection; Shipping 
lolerances, Deliveries and Packing. An 
introductory page is also included 

The Product Standards for Die Cast 
ing program was initiated in 1955 by 
the American Die Casting Institute 
with the first series of Standards Engi 
neering (FE) Series consisting of 14 
pages covering tolerances, draft re 
quirements, cored holes, ejector pin 
marks, and other details of design re 
quirements. More recently a Metallur 
gical (M) Series was released to cover 
information on the physical properties 
and constants of die castings 

The new 9-page Series is based on 
the commercial arrangements which 
have evolved from the past half-century 
of industry-wide production experience 

Information on the zine die castings 
will soon be released. No charge is 
made for a single set of “C” Series 
Address requests to American Die Cast 
ing Institute, Ine 466 Madison Ave 
New York 17, N. Y 


Metallic Rectifier Standards Revised 


Fifth set of revised printed pages have 
now been released for NEMA Stand 
ards for Metallic Rectifiers, Publica 
tion No. MR 11-1953. The new revision 
together with the original Standards 
cover wide range.of products and ap 
plication of semiconductors and reflect 
the rapid expanding developments in 
the solid-state rectifier field 

The present standards include se« 
tions on copper oxide and selenium 
rectifier cells and stacks, d-c power 
conversion units, and many other tvpes 
Definitions peculiar to semiconductors 
are provided 

Major topics covered in the Stand 
ards include ratings, manufacturing 


JUNE 1957 ELECTRICAL MANUFACTURING 





Waldes Truarc grip rings used on die-cast studs 
eliminate threading, tapping, other costly machining 


Mark Simpson Manufacturing Co., Long Island City, 
N. Y., uses Waldes Truare series 5555 Grip Rings to secure 
ports to studs of the zinc die-cast bose of its “Masco 500” 
portable tape recorder 

The rings—which need no grooves—replace nuts, screws, 
cotter pins and other types of fastening devices which require 
threading, tapping, drilling and other expensive machining 
operations, Because a single cracked or broken stud would 
render the entire cast base useless—and with it, all assembly 
completed to that point—the rings also eliminate extremely 
costly rejects. 


Whatever you make, there's a Waldes Truarc Re- 
taining Ring designed to improve your product...to 
save you material, machining and labor costs. They‘re 
quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 
are precision engineered and precision made, quality 
controlled from raw material to finished ring. 


36 functionally different types ...as many as 97 


Pivot Assembly of shift lever (A) is secured by a single 
Waldes Truarc Grip Ring and washer Because the washer 
must be installed over the shift level in a sliding fit, critical 
tolerances would hove to be maintained if a screw or cotter 
pin were used. The Truarc Grip Ring eliminates that problem 
it requires no groove and may be seated over the washer at 
any point on the stud, avtomatically compensating for accu 
mulated tolerances in the parts. BRAKE ASSEMBLIES (B and C) 
use Grip Rings to secure the brake wheel and spring sub- 
assemblies. Here again problems of critical tolerances are 
avoided and expensive rejects eliminated. 


different sizes within a type...5 metal specifications 
and 14 different finishes. Truarc rings are available from 


90 stocking points throughout the U. S. A. and Canada 


More than 30 engineering-minded factory repre- 
sentatives and 700 field men are available to you on 
call. Send us your blueprints today...let our Truarc 
engineers help you solve design, assembly and pro- 
duction problems... without obligation. 


For precision internal grooving and undercutting...Waides Truarc Grooving Tool! 


-TRUARC 


RETAINING RINGS 


WALDES KOHINOOR, INC. 


Waldes Kohinoor, inc., 47-16 Austel Place, L. 1.C.1,4.¥. 

Please send the new supplement No. | which 

brings Truarc Catalog RR 9-52 up to date, 
(Please print) 

Name 

Title. 

Company 

Business Address 


City Zone . State 


* 


| 
| 
| 
—_J 


47-16 AUSTEL PLACE, L.1.C. 1, N.Y. 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection estabjished in foreign countries, 
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BUILT TO TAKE 
BEATING 


6051 


TURNLOK” and POLARIZED 


You're in mighty good company 

when you specify the quality line of 

P&S Turnlok and Polarized devices. 

Hundreds of plants today depend 

on these P&S products for the long 

haul—for the beating they must ® 
take in the most rugged service. mark of Quality 


Just off the press . . . the completely new P&S catalog 
describing the full line of these and all other P&S wiring 
devices, Write for it today. Address Dept. EM-12. 


PASS 4 SEYMOUR, INC. 


SBVYRACUGSGE 9, NEW YORK 
“tt ie © tr te *, 7 © Pete Ge OCehege 


MAKE THE COMPLETE JOB COMPLETELY Pas 


testing and pertormance. For example 
some of the highlights of the selenium 
rectiher section include a code desig 
nation system which provides an easy 
method of describing the electrical 
characteristics of the desired stack or 
rectifier, standard current ratings and 
cell sizes as well as reverse a-c voli 
age ratings, d-c output voltage ratings 
and other required technical data 
Copies of the original Standards, to 
gether with all revisions, may be ob 
tained from the National Electrical 
Manufacturers Association, 155 East 
44th St.. New York 17. Price is $3.50 


per ‘ opy 


Packaging Considerations 
With Semiconductors 


(Continued from page 117) 


except that the thermal insulation of 
the casting resin impedes the transfer 
of heat. 


Voltage Sequencing 


When working with electronic 
equipment the size of a large com 
puter, it is a definite advantage to be 
able to service the machine with the 
power on. In many cases this means 
that a system for handling voltage 
sequencing will have to be built into 
the pluggable units. This is done so 
that upon insertion of the circuit into 
its connector, the semiconductors will 
not be injured by applying voltages 
to them before the voltages which 
control the current flow. Voltage se- 
quencing may not be necessary if the 
time delay between the time the dif- 
ferent voltages are applied is very 
small, that is, in the order of milli 
seconds. If this is the case, it is only 
necessary for the person doing the 
servicing to be aware of the fact that 
he cannot tarry while making or 
breaking the circuit to its connector 

The voltages brought into the plug- 
in cireuit should preferably be adja 
cent to one another There should 
also be a system of guides 80 designed 


that the circuit cannot be inserted at 


JUNE 1957 ELECTRICAL MANUFACTURING 





Lightweight, portable tracing unit is only 1% inches thin 


Now you can trace right at the drawing of your drafting table! Its flush top permits 
board, and save precious minutes with use with drawings larger than unit itself 
PORTA-TRACE*—the thin, lightweight Strong Plexiglas top ij 


s enclosed by rugged, 
tracing box that comes lo you 


long-life stainless steel frame. Available in 
Simply pick it up place it on your four sizes up to 24” x 36” 


board flick a switch and you're ready Save drafting time and precious space 


with PORTA-TRACE,. Call your jioeal 
Only lie inches deep, PORTA-TRACE Ozalid representat write Ozalid 
can actually be used under the straight edge Dept. DD-6, John 


in seconds! 


0 . } 


OZALID'’ 


Products tor Design 


A Division of General Aniline & Film Corporation 
in Canade: Hughes Owens Company, Lid., Montresi 
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isn't the only way 


to cut your Spring costs! 


To concentrate on whittling pennies from a quotation sometimes may 
be a money-saving effort. But when it comes to buying springs it can 
be a costly practice, too. 


A quoted price means little if basic cost factors haven't been fully 
explored. For instance: 


Is the spring designed most efficiently for the job, in its 

simple form, without unnecessary multiple operations? 

Have exact and complete specifications been 

available as a quotation basis? 

Were delivery requirements and production schedules 

taken into account? 

Were production-line and assembly details considered 

from the point of spring packing and shop handling? 

Was the design and production experience of the spring 

supplier used to save time, costs and headaches? 
If all the above basic factors weren't considered in reducing spring 
costs to a minimum — you can’t save money even with a sharp pencil. 


Lewis offers you these services . .. and to help you solve a new product 
problem, will prepare machine-made samples for you, working closely 
with your design, engineering and production staff. 


LEWIS SPRING & MANUFACTURING COMPANY 
2646 W. North Avenue, Chicago 47, lilinois 


PRECISION 


@ 


The finest light springs and wireforms of every type and material 
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a skew angle. If the servicing is not 
to be done by trained personnel, 
the interval of time between applica- 
tion of voltages must be extremely 
small before damage is done, or the 
cost of the unit is high enough that 
extra care must be taken against 
faulty maintenance procedure, then 
voltage sequencing must be built into 
the circuit. One way in which this 
can be done is shown in Fig. 7. The 
tabs decrease in length according to 
the sequence of voltage application. 
Fortunately, the sequence of voltages 
applied upon insertion is the reverse 
of the sequence desired for removal. 
This method requires a system of 
guides so that tipping of the unit can- 
not take place during insertion or 
removal. 

Although this example is shown as 
a printed wiring board, the same idea 
can be used for connectors of the 
conventional variety. Many of the 
conventional nonprinted wiring con- 
nectors are similar to the knife-type 
electrical switch in which the blade is 
moved between a split contact by 
means of a cam. If the blade is offset 
toward the contact for those voltages 
to be made first and away from the 
contact for those which are to be 
made last, three different sequencing 
positions can easily be obtained. 


High-Frequency Problems 


Much effort is being given to the 
packaging of high-frequency circuits. 
The need of replaceable plug-in cir- 
cuits to aid servicing and repair is 
vreat. Mechanical contacts are used 
to help solve this problem but their 
reliability at high frequencies is ques- 
tionable. One approach now being 
investigated utilizes mercury amalga- 
mations. This type of contact could 
very well be the answer to the prob- 
lem electrically, but the costs are not 
attractive at present. Use of contacts 
which are forced together under very 
high pressure after insertion has been 
suggested. This pressure would have 

be sufficient to cause a form of 
cold weld. If it were also possible for 
the weld to be broken easily and 
rapidly for removal of the circuit, 
this would be ideal. 

When printed wiring is to be used 
as the base for packaging high-fre- 
quency circuits, determination of the 
correct base material to be used is 
important. The base material un- 
doubtedly must be of a higher elec- 
trical quality than that used for 
present-day radio chassis. The power 
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For a molded laminates... 
LET MICA MOLD IT 


Mica’s greater knowledge of materials, molding know-how, ability to vary materials 
as required, and problem-solving abilities pay off. 


For savings, let MICA mold it. Our knowledge 
of base materials and molding methods, our un- 
divided responsibility for quality of both mate- 
rials and workmanship, and our _ specialized 
equipment save time and assure consistency, 
accuracy and prompt delivery. 


For special applications, let MICA mold it. Our 
molding materials include LamicoiD® phenolic 
papers and fabrics, polyester glass and SCOTCH- 
PLY® epoxy glass. These materials offer light 
weight, high strength and stability, chemical re- 
sistance, insulating properties, heat resistance and 
low moisture absorption. This wide range of prop- 
erties meets many different application require- 
ments. 


For special processing, let MICA mold it. We 
are fully equipped to mold parts of intricate 


shape or difficult contours by matched metal die 
compression molding. Our facilities include com- 
plete fabricating equipment for further machining 
and finishing of molded parts. 


For creative engineering, let MICA mold it. We 
are prepared to apply our knowledge of base 
materials, molding and fabricating methods, and 
application experience to the design and manu- 
facture of prototype or experimental materials 
and parts. 


For prompt quotation on your needs, send us 
your prints and specifications. We can also supply 
machined parts from paper, linen, canvas, nylon, 
asbestos and fibrous glass base materials. A MICA 
representative will be happy to give you any engi- 
neering assistance needed. 


SCOTCHPLY® is a registered trademark of Minnesota Mining and Manufacturing Co. ® 


MICA INSULATOR COMPANY 
789 Broadway, Schenectady 1, New York 
A Subsidiary of Minnesota Mining and Manufacturing Company 
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uced... 


HELICAL SPRING 


LOCK 
WASHERS 


‘D” & TIOGA STREETS + PHILA. 34, PA. 
GARFIELD 6-4000 


Garrett's complete stock of dies guarantees im- 
mediate delivery regardless of size or quantity 
from the lergest line of Helical Spring Lock 
Washers available anywhere. Precision-made 
with ‘‘controlled"’ tension for tighter assemblies, 
your specifications can be met in carbon steel, 
stainless steel, aluminum-zinc, phosphor-bronze 
and K-monel. 

Garrett Manufactures the World's 

Most Complete Line of Washers 


FLAT WASHERS—Made to meet new ASA 
and SAE standards . . . available in steel, brass, 
bronze, monel, aluminum, and stainless steel . . . 
finished to your specifications. 


METAL STAMPINGS—Made to your specifi- 


cations on high-speed production presses. 


SPRING WASHERS—Belleville, Bevel, 3- 
Wave, 4-Wave and other Spring Washers of 
special design. 


HOSE CLAMPS—Multi-clamp, Auto-Seal and 
Spring-Grip Hose Clamps. 


SEND FOR LITERATURE 


GEO. K. GARRETT CO., D & TIOGA STS., PHILA. 34 
Please send, without obligation, literature onthe following: 
O) FLAT WASHERS O HOSE CLAMPS 


C) HELICAL SPRING 0) STAMPINGS 


LOCK WASHERS 
(1) GARRETT STATISTICAL 
C) SPRING WASHERS QUALITY CONTROL 


Name 
Title 
OO 


Address 


oS 





factor and dielectric constant must be 
low; consequently as the frequency 
goes up, laminated plastics must be 
discarded in favor of Teflon-like ma- 
terials. 

When using double-sided patterns, 
it is necessary to consider the thick- 
ness of the base material so that the 
capacitance is not excessive between 
conductors on different sides of the 
board. This capacitance presents prob- 
lems in pattern layout. More than 
ever, it is essential for the designer 
to know his circuit and its limitations. 

Since capacitance is so important 
at higher frequencies, it is good de- 
sign to keep the conductors between 
electrical elements as small as pos- 
sible. In fact, the ideal solution would 
be to use no component leads or con- 
ductors at all. This is not completely 
realistic at the present time but 
printed components are being used in 
an approach to this ideal. Before 
being universally accepted for this 
application, however, the cost and 
reliability of printed components 
must be improved. 

It may be necessary to shield more 
wires at higher frequencies. On 
printed wiring, shielding very similar 
to that in a coaxial cable can be ac- 
complished by running two grounded 
conductors, one on each side of the 
conductor to be shielded. 

The leakage resistance between ad- 
jacent conductors and the volume 
resistivity of the base material are 
factors. Materials, circuit impedance. 
conductor line spacing, and base 
material thickness must be considered 
and interrelated with the volume re- 
sistivity under the worst operating 
conditions, since this resistivity drops 
with increased temperature and hu- 
midity. A high safety factor should 
be used with commercially printed 
values of resistivity because of varia- 
tions in resins, binders, and process- 
ing techniques. In many cases the 


Postcard return cards are provided 
preceding back cover as a con- 
venience to the reader in obtaining 


further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 


Advertised Products 
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Librascope 


Instrumentation 


ible le 


struments for 


} 
stained accuracy 


} 
" 
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ind recorded 
X-Y Plotter and 


| ,) 
associated instreaments. Permanent 
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with Libras« 


, 
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1 
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plotted for analysis and control 


MODEL 200-8 X-Y PLOTTER, used for 
DC signal input, has full-scale sen- 
sitivities of five millivolts, and an 
input impedance of 1,000 megohms. 
Utilizing standard reference cells, 
this model provides drift-free opera- 
tion. Available external reference 
voltages may be substituted. Quick 
interchangeability of input sections 
is provided. Continuous or point plot- 
ting... Rack or case mounted. 


LIBRASCOPE XY DECIMAL KEYBOARD 
~This keyboard consists of a three- 
decimal bank for each axis with 
associated plus-minus keys. Depress- 
ing of the plotting bar initiates plot 
and clears keyboard automatically. 
Manual ‘‘clear’ button is also pro- 
vided. This unit features Librascope- 
developed positive-action non-stick- 
ing, self-wiping contacts. 


LIBRASCOPE BINARY CONVERTER, 
MODEL 252 consists of two banks 
of relays and precision resistors 
simulating a precision potentiom- 
eter. The resistors weight the relays 
in straight binary so that each bank 
serves as an input to one axis of 
the XY plotter. Total resistance is 
10,000 ohms per bank. Relays 
within the converter control the 
plot cycle. 


Mounting: Standard RCA, RMA rack 
t 


MODEL 200-A uses an input of 
10,000 ohm resistance potentiom- 
eters as an input translator provid- 
ing 10 to 1 scale expansion and 
origin positioning. Available stand- 
ard digital input accessories are 
essentially inputs of this type. Any 
resistance potentiometer will pro- 
vide an analog input for this con- 
figuration. Continuous or point 
plotting...Rack or case mounted. 


LIBRASCOPE PUNCHED CARD CON- 
VERTER—This relay-operated con- 
verter accepts three-decimal digit 
and sign, two channel, IBM punched 
card information and converts it to 
analog form for input to XY plotters. 
Cards can be manually fed through 
the IBM reading brushes one at a 
time or automatically read at rates 
to 50 cards per minute with an accu- 
racy of 0.1%. 


Mounting: Standard RCA or RMA rack 
mounts or in case. 


LIBRASCOPE PUNCHED TAPE CON- 
VERTER operates from punched tape 
reader. Can be modified to operate 
with any digital computers furnishing 
a punched tape output. If printed list- 
ing desired, unit may be operated 
from tape-actuated typewriter, such 
as the Flexowriter. Programming need 
not be specified on tape. Sequence 
operation. A particular tape may be 
programmed to accommodate various 
tape formats. 


Accuracy, 0.1%. 


Career opportunities exist at Librascope for qualified 
engineers, physicists and mathematicians. Learn about 


Librascope’s new “Creative Project Development Teams.” 
Contact Glenn Seltzer, Employment Manager. 


IBRASCOPE 


& SuBsIOLARY OF 


Librascope, Inc., 808 Western Ave., Glendale, Calif. 
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' manufacturers cannot hold _ resistivity 
values closer than 10:1. 

To avoid the possibility of poor 

2 electrical characteristics of the base 

material, packaging without utilizing 


printed wiring is being pursued by 


i . ; many designers. Regardless of the 
with GRC e method, it is necessary when design- 
ing high frequency circuit packages 


lie cast SS to have short lead and conductor 


lengths, good contact means for con- 
. . . . . 
tin arts! j ty : necting the unit into the chassis, 
« “ = ‘ ‘ shielding where necessary, and exact 
, X ‘ reproducibility in production in a 
Range timer part : S a ’ I ; I om ‘ 
ite ‘ very small package. Semiconductors 
made by Gries : ‘ x ‘ t 
; help in being much smaller than vacu- 
costs half as 3 : oe ‘ 
. um tubes and not requiring the high 
much as part 3 ' 
voltages necessary for vacuum tube 
die cast by ti P 
%: operation. 
the customer a _ 


' - Economic Aspects 
| Many manufacturers have learned that GRC specialized tech- 1! a oF 
| niques and facilities have cut the cost of tiny components le economic aspects of miniatur- 
for their products 50% and more compared with production ization through the use of semicon- 
in their own plants. Parts like the slotted gear shaft 
| illustrated are die cast to precise specifications—trimmed, i 1 that i ; : 
| ready for use—in one automatic operation. Consult een stated that In many cases — 
NO MINIMUM SIZE! | Gries about cost-cutting components for your products. conductors are already more reliable 
| 
| 


Quick deliveries 
on quantities | 
of 100,000 to | 


many millions ductors should be considered, It has 


i tains tak than vacuum tubes. The cost of serv- 


bulletin. Producer of Small icing equipment is immediately de- 
Ove Castings 7 


Maximum weight: 1/2 oz 
Maximum length: 134" 


creased because vacuum tubes have 
GRIES REPRODUCER CORP been eliminated. Furthermore. when 
149 Beechwood Ave., New Rochelle, N.Y. NEw Rochelle 3-8600 Z| tee a service call is required on semicon- 
- ductor equipment, we would expect 
that the time spent on this call would 

be less because: 
1. The machine does not have to be 
Has there been any shut down to remove or replace plug- 

Fs in units, and 


recent change 2. There is no waiting for tube 


filaments to heat. 
in your business address Experience with transistors during 
: SS « 2 9 


’ . the past several years has shown a 
. . ° ¢ . a ° . “. 
title or job function? steady improvement in operating life 
and reliability. So much so, in fact, 
that many engineers believe that they 

@ Most readers to whom this magazine is personally may well be soldered directly into the 
addressed make it a point to advise Reader Service circuit. A possible source of trouble 
promptly of any change (or contemplated change) in is eliminated ce the mechanical 
their company afhliation, or in their title or job function. comacts are removed. Transistors _ 

5 much less susceptible to microphonics 
If you have made some such recent change and have than the vacuum tube. From this we 
not yet communicated it to the publisher, won’t you take vill en _ eee vieastion 
“s . ae eRe will not cause the tailures in semicon- 
a minute now to fill out the handy posi card facility Sacse- 
. , ductor circuits that it causes in tube 
circuits. 

The ELECTRICAL MANUFACTURING Reader J eS 
ee at the economic advantages to be 
Service Department wants to make sure that future copies : : ay 2 

ane , gained through this medium in the 
of the publication are addressed to you correctly, by 


: ; electronic field. Floor space, although 
name, title, department, section and location. nek ce cole 0 taber, in 3 dehaie 


expense item. Through miniaturiza- 
tion this space can be used to greater 
advantage, bringing about a higher 
capital return. The transistorized ver- 
sion of the IBM Type 604 electronic 


calculating punch, although not di- 


provided on page 25/. 


If this magazine comes to you on a routing list and 
you'd like to qualify for your own personal cepy, use 
the separate request card provided on page 252. 
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fits larger circuits...into smaller spaces 


The remarkable new Formica 
flexible copper clad laminated 
plastics save space like never be- 
fore. Notice how a 40 square inch 
flat circuit above is contained in 
a space only 10 cubic inches! 

Works fine, too. There’s no 
shorting because of the insula- 


high IR, 
cold punching 
copper clad 


XXXP-36 for finest printed circuitry. 
Offers 1,000,000 megohms ins*la- 
tion resistance, cold punches to and 
including. 1/16”. It's the original 
translucent, watermarked sheet so 
widely copied but never duplicated. 


tion the flexible sheet provides. 

Flexible copper clad offers the 
product designer circuits in new 
shapes . . . plus increased minia- 
turization. For example, as 
shown above, an .008” sheet can 
be confined in a %” diameter tube. 

For complete information on 


new 
glass epoxy 
high temperature 
copper clad 


FF 91-1—retains mechanical 
strength and insulating properties 
at high temperatures and humidity. 
Cold punching and chemical resis- 
tant. Ideal for rockets and missiles. 
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the design improvement possibil- 
ities Formica flexible copper clad 
holds for your products—civilian 
or military—write for new FF 89 
data sheet. Formica Corporation, 
subsidiary of American Cyana- 
mid, 4521-7 Spring Grove Ave., 
Cincinnati 32, Ohio. 


Save your engineers — use Formica-4 
the complete laminated plastics service 


1. Application engineering 2. Research 
3. Fabricating 4. Customer stock service 












































LOOK TO TOBE FOR PROGRESS 









i 


Shull 


Through the development of high 
power capacitors having exceedingly 
low inductance and internal resist- 
ance, Tobe Capacitors meet today’s 
instantaneous peak power require- 
ments in fusion research, spot weld- 
ing, shock tube excitation, photo- 
flash, and similar applications. 


In construction, the capacitor can 
be compared electrically and physi- 
cally to a coaxial line of low imped- 
ance and short length in which a low 
ratio of outer to inner conductor 
diameters minimizes inductance. 
Because of their unique design, Tobe 
Capacitors have high energy storage 


specify 


low-inductance 
energy-storage 
capacitors for 
instantaneous 
delivery of 
peak power 


per unit of volume, high operating 
efficiency, and can be discharged into 
a very low impedance load with com- 
plete safety. 


Custom-designed to become an in- 
tegral part of an overall system, 
these capacitors are available in 
energy storage voltage rating and 
internal inductance to suit the spe- 
cific application. Stock designs now 
available. 


For further technical information 
or engineering aid, write Tobe- 
Deutschmann Corporation, Nor- 
wood, Massachusetts. 


PRODUCTS 


RQBE DEUTSCHMANN + CAPACITOR PIONEERS SINCE 
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rected at 


extreme miniaturization, 
saves approximately 33 per cent of the 
floor space occupied by its vacuum 
tube predecessor. 

In the vacuum tube computer, the 
information gained is enormous, but 
the actual physical work done is 
trivial. Much of the electrical energy 
going into the machine comes out in 
the form of heat, and many dollars 
are spent in removing this unwanted 
heat from the installation. Semicon- 
ductors go a long way toward cor- 
recting this problem. Most machines 
using semiconductors will not require 
internal cooling. Substantial savings 
are also gained by alleviating the 
necessity to air condition the room 
the equipment occupies. 

If one has never had the pleasure 
of doing a packaging job on a vacu- 
um tube computer, the delight in 
seeing the air conditioning problem 
eased is not fully appreciated. Dur- 
ing the course of normal operation, 
the 604 vacuum tube calculator, which 
occupies roughly 64 cu ft, emits ap- 
proximately 350 Btu/min. The tran- 
sistorized duplicate which is roughly 
half the size, or 31 cu ft, emits ap- 
proximately 17 Btu/min. This saving 
is substantial in terms of reduced air 
conditioning load in addition to the 
reduced power required to operate 
the machines. 

There is also a reduction in the 
size of the power supply required for 
the machine. Because of the reduced 
voltages, transformers are smaller. 
With germanium or selenium recti- 
fiers, filament transformers are elim- 
inated and although additional regu- 
lating capacity is required, this can 
be achieved in approximately the 
same volume because of the reduced 


ALD 


voltage. O00 


Postcard return cards are provided 
preceding back cover as a con- 
venience to the reader in obtaining 
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Literature for the Design Engineer 
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For long life under extreme conditions 
of shock, vibration, corrosion, 
humidity and temperature 


by - TYPE 


HEAVY-DUTY 


ELECTRICAL 
CONNECTOR 


Intended for use with jacketed cable 
and not requiring ground return through 


rates sealing gaskets at all mating joints. 
W-Type Bendix* Connectors also incor- 
porate standard Scinflex resilient inserts 


All aluminum surfaces are grey anodized 
for protection against corrosion. 


It will pay you to remember that for 


in established AN contact arrangements. the really tough jobs, where ordinary 
Shell components are thick sectioned high- 
mating surfaces, this connector incorpo- grade aluminum for maximum strength. 


electrical connectors just won't do, be sure 
to specify the W-Type Connector. 

Complete specifications and details on 
request. 


* TRADE-MARK 


SIDNEY, NEW YORK 


SCINTILLA DIVISION of “@2 moje” 


Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N. Y: 


FACTORY BRANCH OFFICES: 
117 E. Providencia Ave., Burbank, Calif. ¢ Paterson Building, 18038 Mack Ave., Detroit 24, Mich. ¢ 545 Cedar Lane, Teaneck, N. J. @ 5906 North Port Washington Rd., Milwaukee 17, Wise; 


Hulman Building, 120 W. Second St., 


Berkeley 


NEWS / NOTES 


Data File 
#112 


--- TIME INTERVAL MEASUREMENTS 
AND HOW TO MAKE THEM 


Gives detailed descriptions and block 
diagrams of techniques for measur- 
ing elapsed time between pulses, 
timing relay operation, camera shut- 
ter speed measurements, velocity 
measurements, precise measure- 
ments of phase angle, velocity. 


Write today for your free copy; 
please address Dept. R6. 


Berkeley Division 
Richmond 3, California 


a division of Beckman Instruments, Inc. 
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Dayton 2, Ohio @ 2608 Inwood Road, Dallas 19, Texas @ Boeing Field, Seattle 8, Washington © 1701 *K” Street, N.W., " Washington 6, D.C; 


DIP COATINGS for “PAC” Pre-Assembled 
Components produced by Erie Resistor Corp. for 
quick installation in printed wiring boards are 
mechanically strong, heat-resistant, non-conductive... made 
with DUREZ RESIN COMPOUNDS 


For full information and 
data on special phenolic resin 
compounds developed for 
electronic coatings, please write 


Phenolic Plastics that Fit the Job 


DUREZ PLASTICS DIVISION HOOKER 


CHEMICALS 


HOOKER ELECTROCHEMICAL COMPANY PLASTICS 


1306A Walck Road, North Tonawanda, N.Y. 
































FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bars+structurals+plates+ sheets & strip 
tubing « reinforcing, etc., « also machinery & tools 


Plants at New York + Boston *Wallingford, Conn. + Philadelphia + Charlotte, 
N. C. * Cincinnati + Cleveland + Detroit + Pittsburgh + Buffalo *« Chicago + 





Milwaukee + St. Louis * Los Angeles * San Francisco * Spokane * Seattle 








Dress Up Your Products 
with these 








Designed by Robert Podali 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 0. Monticelle + Skokie, Ill. 
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Applications for Glass Materials 
and Components 


(Continued from page 156) 


and vital contribution of class to the design of elec- 
trically energized equipment, machines and appliances. 
It may be useful therefore to re-state here briefly these 
applications: 

The basic forms of fibrous glass are wool, mat, and 
yarn. In wool form, fibrous glass provides thermal insu- 
lation for appliances. Mats are used extensively in storage 
batteries for holding the active material in place and for 
separating plates. Textiles woven from the yarn may 
take the form of tape, sleeving or sheet fabric depending 
upon end use. Fabrics, rovings, or chopped strands when 
combined with resins become glass-reinforced plastics 
sheet, rod, tubing. or custom-formed parts. 

Glass textiles with suitable impregnants serve as wind- 
ing insulation in motors and transformers. The limita- 
tions in these applications are set by the impregnant. 
Fibrous glass and silicones formed the first Class H 
insulation. Glass too is combined with other high-tem- 
perature resins such as the fluorocarbons. Glass cloth may 
serve as a backing for pasted mica, this combination 
being useful for motor coil and slot insulation. (6) 

The principal properties responsible for this large- 
scale acceptance of fibrous glass are its high strength, 
xood dielectric properties, chemical inertness, and ability 
to withstand high temperatures. 

High Temperature Glasses. A considerable number 
of glasses are now available for high-temperature appli- 
cations, the choice of glass depending on the specific 
requirements of the application. Fused silica and 96 per 
cent silica glasses have softening points of 1585 deg C 
and 1500 deg C respectively. These glasses have extremely 
low expansion coefficients and hence very high resistance 
to thermal shock. 
veloped recently with softening points several hundred 
degrees higher than the lead alkali silica type normally 


A number of glasses have been de- 


used for electron tube envelopes. These new glasses are 
in expansion ranges which permit glass-to-metal sealing. 
They also have good electrical characteristics at high 
temperature and are useful as high temperature dielec- 
trics. The properties of several of these new glasses to- 
gether with those of fused silica and a 96 per cent silica 


elass are given in Table II. ’ 
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sulation.) 
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If it’s quality you’re after, 


call a Hoover Man 


When you buy a quality product you __ ity aluminum and zinc alloy die cast- 
want to be sure you get what you ings. Our quality-control program is 
paid for. That’s why so many of _ second to none. Why not let one of 


America’s leading manufacturers buy our Sales Engineers tell you about us? 


ia from Hoover. We’re specialists in qual- A phone call or letter will bring him. 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 A 


-n Caonada—Hamiiton, Ontario 


IE CASTING » HOOVER 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





vide to Buyin 


MATERIALS @ METALS e ELECTRICAL & MECHANICAL PARTS e@ EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 


ACTUATORS, 


Saginaw 
Motors 


BALL-SCREW 


Gear Div., 
Saginaw, Mich. 


Steering 
Corp., 


ADHESIVES 


Alurninum Co. of 
Pittsburgh 19 
Armstrong Cork 
caster, Pa 
Durez Plastics 
chemical Co., 
Tonawanda, N. Y 
Houghton Laboratories, Inc 
Ave., Olean, N. Y 
Johns-Manville, Dutch 
7800 Woodlawn Ave., Chicago 19, IIL 
Koppers Co., Inc., Chemical Div., Kop- 
pers Bidg., Pittsburgh 19, Pa 
Minnesota Mining & Mfg Co., Blectrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 


General 


America, 
Pa 
Co., 


Alcoa Bidg., 


7005 


Ingersol, Lan- 


Div 
1306 


Hooker 
Walck 


Electro- 
Rd., N. 


, 140 Houghton 
Brand Products, 


ALUMINUM. 


Aluminum Co 
Pittsburgh 19 


See also Castings. 
of America, Alcoa Bldg., 
Aluminum 


Pa 
Goods Co., 
Manitowoc, Wis 
Kaiser Aluminum and Chemical Sales, Inc., 
1924 Broadway, Oakland 12, Calif 
Revere Copper and Brass, Inc., 230 Park 
Ave.. New York 17, N ‘ 
Reynolds Metals Co., P.O. Box 1800-ED, 
Louisville 1, Ky 


Manufacturing 


AMMETERS. See Instruments. 


AMPLIFIERS, ELECTRONIC 


Aerovox Corp., New Bedford, Mass. 
Bristol Co., Waterbury 20, Conn. 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 
Kearfott Co., Inc., 
Clifton, N. J 
leach Relay 
Avalon Blvd., 
Librascope, Inc 
dale 1, Calif. 
Magnetic Amplifiers, 
New York 55, N 
Nothelfer Winding 
Box 455, Dept 
Sanborn Co. 175 
Mass 
Servomechanisms Inc 
Main, Westbury 
BServospeed Co Div 
Inc., 4 Godwin Ave., Paterson 1, N. J. 
Southwestern Industrial Electronics Co., 
2831 Post Oak Rd., P. O. Box 13058, 
Houston, Texas 
Transicoil Corp 
County, Pa 
United Transformer Co., 
York 13, N. ¥ 
Vickers Electric Div 
Locust, St. Louis 3 
Westinghouse Electri 
ter Bldg. No. 3 
burgh 30, Pa 
Weston Plectrical Instrument Corp., A sub 
of Daystrom Tne 614 Frelinghuysen 
Ave., Newark 5. N. J 


1378 Main Ave., 
Div., Leach Corp., 5915 
Los Angeles 3, Calif. 


, 808 Western Ave., Glen- 
Inc., 632 Tinton Ave., 
y 


Laboratories, P. O. 
101, Trenton 3, N. J 
Wyman, Waltham 54, 


Mechatrol Div., 625 
LI, N.Y 
of Electro-Devices, 


Worcester, Montgomery 


50 Varick, New 


Vickers 

Mo 
Corp., Gateway Cen- 
401 Liberty Ave., Pitts- 


Inc., 1808 


ANODES, PLATING 


American Brass C Waterbury 

American Platinum Works, 231 New Jersey 
Railroad Ave Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 
N. J 

Chase Brass & Copper Co 
necott Copper Corp., Waterbury 20, Conr 

General Plate Dis Metals and Controls 
Corp 1906 Forest Attleboro, Mass 
(Silver, Gold 

Handy & Harman, 8&2 
38, N. Y. (Silver, Gold 

Hussey & Co., C. G., Pittsburgh 19 

Revere Copper and Brass, Inc 
Ave., New York 17, N. Y 

Seymour Maufacturing Co., Seymour, Conn. 


20, Conr 


Sub. of Ken- 


Fulton, New York 


Pa. 
, 230 Park 


ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos 


AUTOMATION EQUIPMENT 
Stromberg-Carlson, A Div. of 
Dynamics Corp 117 
Rochester 3, N. Y 


Genera) 
Carlson Rd., 
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BALANCING MACHINES 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Micro Balancing, Ine., 
Garden City Park, N. Y. 

Westinghouse Electric Corp., Gateway Ocen- 
ter Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Herricks Rd., 


BALLS, BEARING 

Hoover Ball & Bearing Co., 326 E, Hoover, 
Ann Arbor, Mich. 

SKF Industries, inc., Philadelphia 32, Pa. 


BATTERIES, DRY 


or & Co., Ine., P. BR. 

6, Ind. 

National Carbon Co., Inc, A Div. of 
Union Carbide & Carbon Corp., 50 E. 
42nd. New York 17. N. Y 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 


Indianapolis 


BATTERY ELIMINATORS. See Power 
Supply Units; Rectifiers. 


BEARINGS, BABBITT 


_—. & Son, Inc. Joseph T., Chicago 
80, MM. 


BEARINGS, BALL (Miniature) 


New Departure Div. of General 
Corp., Bristol, Conn. 

New Hampshire Ball Bearings, Inc., Peter- 
borough, N. H 

United States Gasket (Co, Plastics Div 
- a % Garlock Packing Co., Camden 


Motors 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Hoover Ball & Bearing Co., 326 E. Hoover, 
Ann Arbor, Mich, 

New Departure Div. of General 
Corp., Bristol, Conn. 

Nice Wall Bearing Co.. 30th & Hunting 
Park Ave., Philadelphia 40, Pa 

SKF Industries, Inc , Philadelphia 82, Pa. 


Motors 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 

Amplex Div., Chrysler Corp., Detroit 
Mich 

Radio Cores, 
Lawn, Ill 

United States Graphite Co., 1621 Holiand 
Saginaw 8, Mich 


31, 


Inc., 9540 Tulley Ave., Oak 


BEARINGS and BUSHINGS, 
(Brass, Bronze, Steel Ete.) 


American Crucible Products 
Oberlin Ave., Lorain, Ohio 

Amplex Div, Chrysler Corp., 
31, Mich 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Mallory & Co., Inc P. R Indianapolis 
6, nd 

United States Graphite Co., 
Saginaw 8, Mich 


METAL 


1365 


Detroit 


Co., 


1621 Holland 


BEARINGS and BUSHINGS, 
NON-METALLIC 
General Electric Co., 
atur, Ill 

National Carbon Co., Inc., A Div of Union 
Carbide Corp., 30 E. 42nd. New York 
| i RS 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Radio Cores 
Lawn, Ill 

Richardson Co., 
Til 

Ryerson & Son, 
80, Til 

Spaulding 
N. ¥ 

Westinghouse Blectrie Corp., Gateway Cen 
ter Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa. 


Plastics Dept., De- 


Inc., 9540 Tulley Ave., Oak 


2799 Lake, Melrose Park, 


Inc., Joseph T., Chicago 


Fibre Co., Inc., Tonawanda, 


BELLS 
Stromberg-Carlson, 
Dynamics Corp., 
Rochester 3, N. Y. 


A Div. of 
117 


General 
Carlson Rd., 


Wheelock Signals, 


Inc., 273 Branchport 
Ave., 5 


Long Branch, N. J. 
BELT DRIVES. See Drives, Belt. 


BENDERS, BRAKE and SHEARS 


Ryerson & Son, Inc., Joseph T., Chicago 80, 
Til. 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 

Beryllium Corp., Reading, Pa. 

oo - Co., Inc., P. R., Indianapolis 
6, Ind. 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. (Strip) 

Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc., Riverside, N. J. 


BIMETALS. See Thermostatic Bimetals. 


BITS, SCREW and BOLT. See 
Screw Keys and Wrenches. 


BLADES, FAN 


Torrington Manufacturing Co., Torrington, 
Conn, 


Socket 


BLOCKS, PILLOW 
SKF Industries, Inc., Philadelphia 32, Pa. 


BLOCKS, TERMINAL. See Strips, Blocks 
and Boards, Terminal. 


BLOWERS. See Fans and Blowers. 
BOLTS. See Fasteners. 


BOXES METAL. See Sheet Metal Fabri- 
cators. 


BRAKES, BENDING. See Benders, Brake 
and Shears. 


BRAKES, MAGNETIC 
Cutler-Hammer Inc., 1264 St. Paul Ave., 
Dynamatic Div., 


Milwaukee 1, Wis 
3307 
Kenosha, Wis. 


Eaton Mfg. Co., 
Fourteenth Ave., 

Stearns Electric Corp., 120 N. Broadway, 
Milwaukee 2, Wis 

Warner Electric Brake & Clutch Co., 
Beloit, Wis. 


BRASS, BRONZE and COPPER (All 
Commercial Forms) For Wire, see Wire 
and Cable, Bare. 


American Brass Company, Waterbury 20, 
Conn, (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 

American Nickeloid Co., Peru 3, Ill. (Pre- 
Finished Brass and Copper Sheet and 
Strip) 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Driver Co., Wilbur B., 1875 Me Carter 
Highway, Newark 4, N. J. 

Hussey & Co., C. G., Pittsburgh 19 

Iisco Corp 5745 Mariemont Ave 
cinnati 27, Ohio (Copper Tubing) 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa (CR-CW Strip) 

Revere Copper and Brass, Inc., 230 Park 
Ave.. New York 17, N 

Somers Brass Co., Inc., 110 Baldwin Ave 
Waterbury, Conn. (Strip) 


Pa 
Cin 


BRAZING ALLOYS, SILVER 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 

Saker & Co., Inc., 113 Astor, Newark 5, 
N. J 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

General Plate Div., Metals and Controls 
Corp., 1906 Forest, Attleboro, Mass. 

Handy & Harmon, 82 Fulton, New York 
38, N. Y. 

P. BR., 


Mallory & Co., 
6. Ind 

Ney Co., J. M., P. O. Box 990, Hartford 1, 

Conn 


Inc., Indianapolis 


BRONZE. See Brass, Bronze and Copper: 
Phosphor Bronze 


BRUSH CAPS 
Midwest Molding & Mfg. Co., Gurnee 96, 
Ih 


Phoenix Blectric Mfg. Co., 4211 W. Lake. 
Chicago 24, Ill 


BRUSHES: CARBUN, GRAPHITE, 
METAL-GRAPHITE 


National Carbon Wo., Inc., A. Div. of 
Union Carbide Corp., 30 E. 42nd, New 
York 17, N. Y¥ 

Speer Carbon Co,, St. . Pa 

Stackpole Carbon Co., St. arys, Pa 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wilson Co., H. A., Route 22, Union, N. J. 


BRUSH HOLDERS See Holders, 
Commutator Brush, 


BUSHINGS 


Bearings. See Bearings and Bushings. 

Composition. See Plastics Molders. 

Fibre. See Fibre, 

Glass. See Glass, 

Hermetic Seal. See Seals and Terminals. 
Hermetic. 

Mica. See Mica. 

Porcelain. See Ceramics. 

Rubber. See Rubber and Rubber Prod- 
ucts. 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators. 


CABLE. See Wire end Cable. 


CABLE ASSEMBLIES and HARNESSES. 
See Harnesses and Assemblies, Wire. 


CAMBRIC, VARNISHED. See Fabrics, 
Insulating. 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 

Aerovox Corp., New Bedford, Mass. 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Centralab, Div. of Globe-Union Inc., 
962 E. Keefe Ave., Milwakee 1, Wis. 

Chicago Condenser Corp., 3255 W. Armi- 
tage Ave., Chicago 47, IL 

Cornell-Dubilier Electric Corp., South 


Plainfield, N._J. 
Corning Glass Works. Technical Products 
(Metallized Glass) 


Div., Corning, N, Y. 

Bitel-McCullough, Inc., San Bruno, Calif. 

Erie Resistor Corp., Electronics Div., Erie 
Pa. 

Fansteel Metallurgical Corp., North Chi- 
cago, Til. (Tantalum) 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Johnson Co., E. F., Second Ave., 
S. W., Waseca, Minn. F 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

Master Appliance Mfg. Co., Racine 2, Wis. 

Plastic Capacitors, Inc., 2620 N. Clybourn 
Ave., Chicago 14, Tl 

Radio Condenser Co., Davis & Copewood, 
Camden 3, N. J. 

Sangamo Electric Co., Electronic Compo- 
nents Div., Springfield, ML “ 
Sprague Electric Co., 307 Marshall, North 

Adams, Mass. 
Stackpole Carbon Co., St. Marys. Pa. 


‘Texas Instruments Incorporated, 6000 Lem- 


mon Ave., Dallas 9, Texas. 


CAPS and PLUGS, PROTECTIVE 


Protective Closures Co., Ine., CaPlugs 
Div., 2201-3 Elmwood Ave., Buffalo 23, 
m. Ze 


CARBON and GRAPHITE: (Contacts, 

Electrodes, Anodes, Bearings, Dises, 
Piles, Plungers, Rings, Seals, 
ete.) 


Erie Resistor Corp., Electronics Div., Erie 
Pa. 

General Ceramics Corp., Keasbey, N. J 

Speer Carbon Co., St Marys, Ps. 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland, 
Saginaw, Mich. 


Plates, 


CASTINGS, ALUMINUM and 
MAGNESIUM. See also Castings, Die 


Aluminum Co. of America, Alcoa Bldg.. 
Pittsburgh 19, Pa. 

Twin City Die Casting Co., 33rd & Talmage 
Ave., S. E., Minneapolis, Minn 


CASTINGS, BRASS, BRONZE, COPPER 

Philadelphia Bronze & Brass Corp., Sub 
of P- R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 


CASTINGS, DIE. 


Aluminum Co, of America, 
Pittsburgh 19, Pa. 

Doehler-Jarvis Div. of National Lead Co., 
Toledo 1, Ohio 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. (Zinc) 

Hoover Co., Die Casting Div., North 
Canton, Ohio 

Madison-Kipp Corp., 201 Waubesa, Madi- 


son 4, Wis 
New Jersey Zine Co., 160 Front, New 
(Zine Die Casting Al- 


York 38, N. Y. 
loys) 

Stewart Die Casting, A Div. of Stewart 
Warner Corp., 4535 W. Fullerton Ave., 
Chicago 39, Tl. 

Twin City Die Casting Co., 33rd & Talmage 
Ave., S. E., Minneapolis, Minn 


CASTINGS INVESTMENT 
Allis-Chalmers, Milwaukee 1, 


Alcoa Bidg 


Wis. 
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Which of these oil-proof enclosures can 
ee ee hee: Mm you use right now? 


struction seals out 


CTI Me Ah tame ft fa ¥ 

External mounting : : Write Us 
feet and cover a 

clamp ; 


alt RA eT: a 
Ur mult 


WE SPECIALIZE IN HIGH QUALITY 
oe | SHEET METAL ENCLOSURES OF 


Padlock hasp for 


Ta etal: ADVANCED DESIGN 


Removable mount- 


swap? Here are some of the Hoffman boxes that 
Baked white the trade likes so well today. We build them 
setpy andl ” strong and give them a smart, clean finish. Cus- 
a aaa weds a: tomers like them so well we’ve had to double 


and then redouble our production space. Why 
not look at a sample? You'll see why. 

All of these models comply with J. I. C. spec. 
ifications and come in a wide range of sizes. 
They are stocked by selected electrical whole- 
sale distributors—fast service. But we can make 
any special size you need to fit your specifica- 
tions. Tell us your problem—we can work it out. 


Carmo eeseeaesaeeernee 





NEMA TYPE 12 PANEL ENCLOSURES 


These panel enclosures are strong, rigid and cleanly finished. All 
welded construction on heavy gauge steel. No knockouts or holes to admit oil, 
water, dust. Stock sizes at low cost for fast delivery. Or we can make any 
size you want. Illustrated above is wall cabinet type. We also make a floor 
mounted 2-door series in the following sizes: 54x42x8, 60x48x8, 60x48x10, 
60x60x10, 72x60x10. 






















J.1. C. WIRING 
BOXES 











STANDARD STOCK SIZES, SINGLE DOOR, WALL MOUNTED 
















16x 12x6 30 x 20x 6 30 x 24x 8 42 x36 x8 : ye oo 
20x 16x6 30x 24x6 36x 24x8 48 x30x8 : 6x 6x4 
20 x 20x 6 36x 24x6 36 x 30x 8 48 x 36x 8 : 8x 6x3% 

24x 20x6 24x24x8 42 x 30x8 60x 36x8 : : 10x 8x4 

x x x x x x yw x : Oil-proof 12 - 10 - 5 

au dbeneesavsessentoreccnsscenednarcnene Cocccvcccccccocecsccoesococccccsoccceeccoscoseos? Dust-proof 14x 12x6 


16x 14x6 









2” WIRING BOXES : 
: Fourteen gauge steel, welded seams, all sides flanged. 


This is a unique small box which may  : Neoprene gasketed cover chained to box, clamps on tight, 
be just what you are looking for. Com- : opens up easily. No screw holes to leak oil or water. 
pletely oil-tight and dust-proof. Neo- Clamp screws captivated, cannot get lost. Available with 


prene gasketed cover. Cover screws : or without removable panel. Eight standard sizes. 
thread into the box outside the gas- : 


ket line. Available with or without 
mounting feet. Stock size 4 x 2 x 2, 
or other sizes on specification. 




























Stet eereeeeseeees 


Need a 
little one 


like this? 


eee eeeeeerereee 








PUSHBUTTON BOXES 


Patented openings will fit all standard makes of oil- 
tight units. Conduit connections can be made at any 
location you specify. Neoprene gasket provides positive 
cover seal. This type is made of 14 gauge steel, and 
is immediately available in ten standard sizes to accom- 
modate from one to twenty-five push buttons. Cost is 
surprisingly low. 









J.1.C. 
WIRING 
TROUGHS 


Ideal for electrical wiring on machinery, in 
buildings, and outdoors where oil, dust, dirt 
or water is a problem. All seams welded, no holes in trough 
or cover. Gasketed clamp cover provides tight seal. Eight 
standard sizes ranging from 22 x 242 x 12 to4 x 4x 72. 
Special sizes on request. 


eeaeeseeeeee 





















Note: These troughs are also available with flanged ends 
and fittings that can be bolted together to make a con- 
tinuous oil-tight wireway. 
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“1800 pes. per shift” 


on a Model 50 "Wasp" 


MINI-JECTOR 


Seeeeeecsesceoseseessoseeeeeseees 
TRADE MARK =e 


Plastic Injection Molding Machine 


Injection molding around metal inserts 
developed and produced at lower cost. 
Saved: High-per-piece cost of “big-press” tooling. 


“Added to the saving of thousands of dollars by avoid- 
ing large, complex mold tooling, was the long, steady. 
profitable production on our MINI-JECTOR.” This 
user, after analysis of his facilities, selected MINI- 
JECTOR for mold e economy and accuracy—then got 
fast production as surprise bonus. Unsurpassed as a 
short-run money earner, MINI-JECTOR flexibility 
responded to ingenius application methods, and pro- 
duced in a big way. “Insert” molding is only one of 
countless varieties of small items developed and pro- 
duced at lower cost on MINI-JECTOR. 


Features: Low initial cost (molds as 
low as $29.50), high precision, com- 
pact simplicity, ease of operation. 
Mold cap., 1/3 oz. to 1 oz., all ther 
moplastics, including Nylon. Bench 
or floor models, lever or push-button 
controls, air or hydraulic power. 


Bring Your Problems to Newbury! 
Our pilot plant can help you with 
your small (up to 1 oz.) plastic prod- 
uct development and production. 


Write for Cata- 
log today! “Tell- 
all” booklet, il- 
lustrated, shows 
complete MINI- 
JECTOR line. 
Learn how MINI- 
JECTOR cuts the 
big cost from 
“variety” small 
item molding. 


NEWBURY INDUSTRIES, inc. sox 181, 
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Newbury, Ohio 


International Nickel Co., Inc., 67 Wall, 
New York 5, N. Y. (Nickel and Alloys) 

CASTINGS, LEAD 

Twin City Die Casting Co., 33rd & Tal- 
mage Ave., S. E. Minneapolis, Minn. 

CASTINGS, STEEL 


Lebanon Steel Foundry, 82 
Lebanon, Pa. 


Lehman, 


CATHODE RAY TUBES. 


Cathode Ray. 


See Tubes, 


CEMENT, INSULATING and SEALING 


Communication Products Co., Inc., Marl- 
boro (Monmouth County), N. J. 

du Pont de Nemours & Co., (Inc.), E. L., 
Plastics Div., _Polychemicals Dept., 
Wilmington 98, Del. 

Durez Plastics Div., Hooker Electrochem- 
ical Co., 1306 Walck Rd., N. Tona 
wanda, N. Y 

General Electric Co., 
Decatur, Ill. 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill 

Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N. Y. 


Plastics Dept., 


CERAMICS 


Standard & Special Electrical 
Porcelain (low-volt) (A) 
Refractory Porcelain (B) 
High-voltage Porcelain (Cc) 
Cordierite (D) 
Zircon Porcelain (E) 
Steatite (Lava) (F) 
Titanates (G) 


 aaaaa (H) 

, ites (I) 

Akfon Porcelain Co., 2725 Cory Ave., 
Akron 14, Ohio (AB) 

American Lava Corp., Chattanooga 5, Tenn 
CDEFG) 

Brush Electronics Co Div of Clevite 
Corp 3405 Perkins Ave., 
14, Ohio (G 

Centralab, Div. of Globe-Union, Inc., 
= BE. Keefe Ave., Milwaukee 1, Wis 
(EF) 

Ceramic Specialties Co., 444 W. 6th, East 
Liverpool, Ohio (ABCF) 

Colonial Insulator Co., 937 Grant, Akron 
11, Ohio (ABC) 

Erie Resistor Corp., Erie, Pa (G) 

General Ceramics Corp., Keasbey, N. J. 
(BEFI) 

Knox Porcelain Corp., 
(ABC) 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. (Glass Bonded Mica) 

New Jersey Porcelain Co.. New York Ave 
& Plum, Trenton 5, N. J. (ABF) 

Pass & Seymour, Inc Solvay Station, 
Syracuse 9, N. Y. (AF) 

Porcelain Products, Inc., West Sandusky, 
Findlay, Ohio 

Richardson Co., 
Ill. (HA) 

Rostone Corp., 


Cleveland 


Knoxville 1, Tenn 


2799 Lake, Melrose Park. 
123 S. Earl Ave., Lafayette, 
D. Co., 6060 Rivard, Detroit 11, 


(A) 

Stackpole Carbon Co., St. Marys, Pa 
Star Porcelain Co., 41 Muirhead Ave., 
Trenton 9. N. J. (BF) 
Universal Clay Products Co., 1540 E. 
First, Sandusky, Ohio (A) 

Wisconsin Porcelain Co., 122 Lincoln, Sun 
Praire, Wis. (ABF) 


CHAMBERS, TEST 
Blue M Electric Co., 
Blue Island, Il 


138th and Chatham, 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 11A 8S 
Jefferson, Chicago 6, Til 


CHARGERS, MAGNET. See Magnetizers 
and Demagnetizers 


CHOPPERS, ELECTRONIC 


Oak Mfg. Co.. 1258 Clybourn Ave., Chi- 
cago 10, Il. 


CIRCUIT BREAKERS 
Allen-Bradley Co., 1316 8. Second, Mil- 


wakee 4, Wis. 

Allis-Chalmers, Milwaukee 1, Wis. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

E-T-A Products Co. of America, 5085 N. 
Elston Ave Chicago 50, Ill. 

Fasco Industries, Inc., Rochester 2, N. Y. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Heinemann Electric Co,. 99 Plum, Tren- 
ton 2, N. 

Photocircuits Corp., Dept. EM2, Glen Cove, 


Spencer Thermostat Div., Metals & Con- 
trols Corp., 3606 Forest Attleboro, Mass. 

Sqvere D Ce, 4041 N. Richards, Milwau- 
kee 12, Wis. 

Westinghouse Electric Corp., Gateway 
Center Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Co., 3552 San Fernando 
Rd., Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass. 

American Lava Corp., Chattanooga 5, Tenn. 

Centralab. Div. of Globe-Union, Inc., 
962 E. Keefe Ave., Milwaukee 1, Wis. 

Croname, Inc., 1769 Grace, Chicago 13, 
Ill 


Daven Co 536 W. Mt. 
Route 10, Livingston, N. 

Erie Resistor Corp., Fle tronics Div., Erie, 
Pa 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J 

RCA Electron Tube Div., 
America, Harrison, N 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1, 
N. J 


Pleasant Ave., 


Radio Corp, of 
J 


CLAMPS and CLIPS, GROUND and 


TEST 


Burndy Corp., 
Conn 

Ilsco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 

Sherman Manufacturing Co., H. B., 
Creek, Mich. 

Thomas & Betts Co., Inc., 
Elizabeth 1, N. J. 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm Syca- 
more, Ill 

Weckesser Co., 5256 N. Avondale Ave., 
Chicago 30, Ill 


CLEANING COMPOUNDS, METAL 


Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N. ¥ 


Omaton Div., Norwalk, 


Battle 
28 Butler 


CLIPS, SNAP. See Rings, Retainer and 
Snap. 


CLOTH, INSULATING. See Fabrics, In- 
sulating. 

CLOTH TRACING. See Tracing Cloth, 

Film and Paper 


CLUTCHES, ELECTRIC 


Carlyle Johnson Machine Co., 
Conn 
Cutler-Hammer Inc., 
Milwaukee 1. Wis = 
Eaton Mfg ( Dynamati Div., 3307 
Fourteenth Ave., Kenosha, Wis. - 
Formsprag Co., 236.5 Hoover Rd., Van 
Dyke. Mich 
Radio Condenser ¢ Davis & 
Camden 3, N. J 
Stearns Electric Corp., 
Milwaukee 2, Wis. 
Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo s 
Warner Electric Brake & Clutch Co 
Beloit, Wis 


Manchester, 


1264 St. Paul Ave., 


Copewood, 


120 N. Broadway 


COAXIAL CABLE. See Wire and Cable, 
Insulated 


COIL CORES and FORMS 


American Lava Corp., Chattanooga 5 Tenn 

Cambridge Thermionic Corp., 453 Con- 
cord Ave., Cambridge 38, Mass 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre, a Sub. of The 
Budd Co., Newark 13, Del. 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Hycor Div. of International Resistance Co 
12970 Bradley Ave., Sylmar 10, Calif 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Orange Products Inc., 554 Mitchell, Orange 
N. J. 

Paramount Paper The Pa. 612 Lafay- 
ette, Fort Wayne 2, Ind. . 

Precision Paper Tube Co., 2035 W 
Charleston, Chicago 47, Ti. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill 

Resinite Corp., Div. of Precision Paper 
Tube Co., 6980 North Central Park, 
Chicago 45, Ill. 

Stackpole Carbon Co., St. Marys, Pa., 
(Screw-type, Molded Iron) 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1 
N. J. 


COILS and WINDINGS 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Anderson Controls, Inc., 
Rd., Des Plaines, Ill 

Caledonia Electronics & Transformer Corp 
Dept. EM-11, Caledonia, N. 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Comar Electric Co., 3349 W. 
Chicago 18, Ill. 

Corning Glass Works, Technical Products 
Div., Corning, N. Y. (Glass Inductance) 

Cojo-Coil Co., Inc., 63 Pavilion Ave., 


Providence 5, R. I. 
Cutler-Hammer Inc., 1264 St. Paul Ave., 
93 Main, Winsted, 


Milwaukee 1, Wis. 
1300 First, Wabash, 


2777 Mannheim 


Addison 


Dano Electric Co., 
Conn. 

Deluxe Coils, Inc., 
Ind. 

Dormeyer Industries, 3414 Milwaukee Ave., 
Chicago, Ill. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General’ Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Gries “Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y¥. 

Master Appliance Mfg. Co., Racine 2, Wis. 

Nothelfer Winding Laboratories, P. O. 
Box 455, Dept. 101, Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J 

Standard Electrical Products Co., 2240 
E. Third, Dayton 3, Ohio 
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ANOTHER CUSTOM BUILT 


TRANSFORMER INSTALLATION 


At left—front view of C. M. Manufacturing 
4 & Machine Co.’s high temperature hydrogen 
atmosphere furnace for metallizing ceramics, 
containing two NOTHELFER TRANSFORM- 
ERS. 






At right—rear view of furnace. White 
circles show where NOTHELFER 50 
KVA TRANSFORMERS are installed. 


















The important features of NWL construc- 
tion are vacuum pressure impregnation with 
high temperature synthetic varnishes, plastic 
and inorganic insulations. The use of grain 
oriented steels, carefully fabricated, an- 
nealed, and assembled and conservative 
design make for long life and high efficiency. 
Every transformer has “built-in” 36 years 
experience. 









WINDING LABORATORIES, INC. 


P, O. Box 455, Dept. 101 TRENTON, N. J. 
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“1800 pes. per shift” 


on a Model 50 "Wasp" 


MINI-JECTOR 


eececeeseceooeoeseooooeoseseoeeese 
TRADE MARK ee? 


Plastic Injection Molding Machine 


Lise 


Injection molding around metal inserts 
developed and produced at lower cost. 
Saved: High-per-piece cost of “big-press” tooling. 


“Added to the saving of thousands of dollars by avoid- 
ing large, complex mold tooling, was the long, steady. 
profitable production on our MINI-JECTOR.” This 
user, after analysis of his facilities, selected MINI- 
JECTOR for mold economy and accuracy—then got 
fast production as surprise bonus. Unsurpassed as a 
short-run money earner, MINI-JECTOR flexibility 
responded to ingenius application methods, and _pro- 
duced in a big way. “Insert” molding is only one of 
countless varieties of small items developed and pro- 
duced at lower cost on MINI-JECTOR. 


Features: Low initial cost (molds as 
low as $29.50), high precision, com- 
pact simplicity, ease of operation. 
Mold cap., 1/3 oz. to 1 0z., all ther 
moplastics, including Nylon. Bench 
or floor models, lever or push-button 
controls, air or hydraulic power. 


Bring Your Problems to Newbury! 
Our pilot plant can help you with 
your small (up to 1 02.) plastic prod- 
uct development and production. 
Write for Cata- 

log today! “Tell- 

all” booklet, il- 

lustrated, shows 

complete MINI- 

JECTOR line. 

Learn how MINI- 

JECTOR cuts the 

big cost from 

“variety” small 

item molding. 


INDUSTRIES, Inc. Box 181, Newbury, Ohio 


NEWBURY 


388 


International Nickel Co., Inc., 67 Wall, 
New York 5, N. Y. (Nickel and Alloys) 

CASTINGS, LEAD 

Twin City Die Casting Co., 33rd & Tal- 
mage Ave., S. E. Minneapolis, Minn. 

CASTINGS, STEEL 


Lebanon Steel 
Lebanon, Pa. 


Foundry, 82 Lehman, 


CATHODE RAY TUBES. See Tubes, 


Cathode Ray. 


CEMENT, INSULATING and SEALING 


Communication Products Co., Inc., Marl- 
boro (Monmouth County), N. J. 

du Pont de Nemours & Co., (Inc.), E. L., 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del 

Durez Plastics Div., Hooker Electrochem- 
ical Co 1306 Walck Rd., N,. Tona 
wanda, N. Y 

General Electric Co., 
Decatur, Ill. 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill 

Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N. Y. 


Plastics Dept., 


CERAMICS 


Standard & Special Electrical 
Porcelain (low-volt) (A) 
Refractory Porcelain (B) 
High-voltage Porcelain (Cc) 
Cordierite (D) 
Zircon Porcelain (E) 
Steatite (Lava) (F) 
Titanates (G) 
ent- Asbestos (Hi) 
j ites (I) 


Akron Porcelain Co., 2725 Cory Ave., 
Akron 14, Ohio (AB) 

American Lava Corp., Chattanooga 5, Tenn 
(CDEFG) 

Brush Electronics Co Div of Clevite 
Corp 3405 Perkins Ave., 
14, Ohio (G) 

Centralab, Div. of Globe-Union, Inc., 
— BE. Keefe Ave., Milwaukee 1, Wis 
(EF) 

Ceramic Specialties Co., 444 W. 6th, East 
Liverpool, Ohio (ABCF) 

Colonial Insulator Co., 937 Grant, Akron 
11, Ohio (ABC) 

Erie Resistor Corp., Erie, Pa (G) 

General Ceramics Corp., Keasbey, N. J. 
(BEFI) 

Knox Porcelain Corp., Knoxville 1, Tenn 
(ABC) 

Mycalex Corp. of America, Clifton Bivd., 
Clifton, N. J. (Glass Bonded Mica) 

New Jersey Porcelain Co.. New York Ave 
& Plum, Trenton 5, N. J. (ABF) 

Pass & Seymour, Inc Solvay Station, 
Syracuse 9, N. Y. (AF) 

Porcelain Products, Inc., West Sandusky, 
Findlay, Ohio 

Richardson Co., 
Ill. (H) 

ene Corp., 123 8. Earl Ave., Lafayette, 
nd 

oye D. Co., 6060 Rivard, Detroit 11, 
Mich. (A) 

Stackpole Carbon Co., St. Marys, Pa 

Star Porcelain Co., 41 Muirhead Ave., 
Trenton 9. N. J. (BF) 

Ui versal Clay Products Co., 1540 E. 
First, Sandusky, Ohio (A) 

Wisconsin Porcelain Co., 122 Lincoln, Sun 
Praire, Wis. (ABF) 


Cleveland 


2799 Lake, Melrose Park. 


CHAMBERS, TEST 


Blue M Electric Co 
Blue Island, Ill 


138th and Chatham, 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. 


CHARGERS, MAGNET. See Magnetizers 
and Demagnetizers 


CHOPPERS, ELECTRONIC 


Oak Mfg. Co 1258 Clybourn Ave., Chi- 
cago 10, Ill. 


CIRCUIT BREAKERS 


Allen-Bradley Co., 1316 8. Second, Mil- 
wakee 4, Wis. 

Allis-Chalmers, Milwaukee 1, Wis. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

E-T-A Products Co. of America, 5085 N. 
Elston Ave., Chicago 50, Ill. 

Fasco Industries, Inc., Rochester 2, N. Y. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Heinemann Electric Co,. 99 Plum, Tren- 
ton 2, N. J. 

Phpegpeuts Corp., Dept. EM2, Glen Cove, 


Spencer Thermostat Div., Metals & Con- 
trols Corp., 3606 Forest Attleboro, Mass. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Westinghouse Electric Corp., Gateway 
Center Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Co., 3552 San Fernando 
Rd., Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass. 
American Lava Corp., Chattanooga 5, Tenn. 
Centralab. Div. of Globe-Union, Inc., 
962 E. Keefe Ave., Milwaukee 1, Wis. 
Cane Inc., 1769 Grace, Chicago 13, 


Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 

Erie Resistor Corp., Electronics Div., Erie, 
Pa 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J 

RCA Electron Tube Div., 
America, Harrison, N. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1, 
N. J 


Radio Corp, of 


CLAMPS and CLIPS, GROUND and 


TEST 


Burndy 
Conn 
Ilsco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 

Sherman Manufacturing Co., H. B., 
Creek, Mich. 

Thomas & Betts Co., Inc., 28 Butler 
Elizabeth 1, N, J. 


Corp., Omaton Div., Norwalk, 


Battle 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm Syca- 
more, Ill 

Weckesser Co 3 N. Avondale Ave., 
Chicago 30, Ill 


CLEANING COMPOUNDS, METAL 


Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N. Y¥ 


CLIPS, SNAP. See Rings, Retainer and 
Snap. 


CLOTH, INSULATING. See Fabrics, In- 
sulating. 


CLOTH TRACING. See Tracing Cloth, 
Film and Paper. 


CLUTCHES, ELECTRIC 


Carlyle Johnson Machine Co,, Manchester, 
Conn 

Cutler-Hammer Inc., 
Milwaukee 1. Wis ae 

Eaton Mfg ‘ Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. $ 

Formsprag Co 23605 Hoover Rd., Van 
Dyke. Mich 

Radio Condenser © Davis & Copewood, 
Camden 3, N. J 

Stearns Electric Corp., 120 N. Broadway 
Milwaukee 2, Wis. 

Vinhore Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo . 

Warner Electric Brake & Clutch Co 
Beloit, Wis 


1264 St. Paul Ave.. 


COAXIAL CABLE. See Wire and Cable, 
Insulated. 


COIL CORES and FORMS 


American Lava Corp., Chattanooga 5 Tenn 

Cambridge Thermionic Corp., 453 Con- 
cord Ave., Cambridge 38, Mass 

Cleveland Container, Co. 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre, a Sub. of The 
Budd Co., Newark 13, Del. 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N.Y. 

Hycor Div. of International Resistance Co 
12970 Bradley Ave., Sylmar 10, Calif 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N : 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Orange Products Inc., 554 Mitchell, Orange 
N. J 


Paramount Paper Tate =. 612 Lafay- 
ette, Fort Wayne 2, Ind. : 

Precision je Sebo Oe 2035 WwW 
Charleston, cago 47, » 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill. 

Resinite Corp., Div. of Precision Paper 
Tube Co., 6980 North Central Park. 
Chicago 45, Til. : 

Stackpole Carbon Co., St. Marys, Pa., 
(Screw-type, Molded Iron) 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1 
N. J 


COILS and WINDINGS 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Ill. 

Caledonia Electronics & Transformer Corp 
Dept. EM-11, Caledonia, N. Y. 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, Ill. 

Corning Glass Works, Technical Products 
Div., Corning, N. Y. (Glass Inductance) 

Cojo-Coil Co., Inc., 63 Pavilion Ave., 
Providence 5, R. I. 

Cutler-Hammer Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis. 

Dano Electric Co., 93 Main, Winsted, 
Conn. 

Deluxe Coils, Inc., 1300 First, Wabash, 
Ind. 

Dormeyer Industries, 3414 Milwaukee Ave., 
Chicago, Ls 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Master Appliance Mfg. Co., Racine 2, Wis 

Nothelfer Winding Laboratories, P. 0. 
Box 455, Dept. 101, Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J 

Standard Electrical Products Co., 2240 
E. Third, Dayton 3, Ohio 
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ANOTHER CUSTOM BUILT 
TRANSFORMER INSTALLATION 


At left—front view of C. M. Manufacturing 
& Machine Co.’s high temperature hydrogen 
atmosphere furnace for metallizing ceramics, 
containing two NOTHELFER TRANSFORM- 
ERS. 


At right—rear view of furnace. White 
circles show where NOTHELFER 50 
KVA TRANSFORMERS are installed. 


The important features of NWL construc- 
tion are vacuum pressure impregnation with 
high temperature synthetic varnishes, plastic 
and inorganic insulations. The use of grain 
oriented steels, carefully fabricated, an- 
nealed, and assembled and conservative 
design make for long life and high efficiency. 
Every transformer has “built-in” 36 years 
experience. 


WINDING LABORATORIES, INC. 


P. O. Box 455, Dept. 101 TRENTON, N. J. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 389 





Strip TEFLON" 


INSULATED WIRE 


with EASE and 
PRECISION 


TEFLON HAND 
STRIPPER 


It is now possible to strip Teflon insulation from 
#10 to #26 wires, quickly and accurately—with 
no damage to conductor, no marking of insulation. 
IDEAL’S new Stripper features “Concentric Hole” 
blades and specially designed jaws that make Teflon 
as easy to strip as any other type of insulation. 


Reduces waste and rejects! Nicking and scraping of 
conductor are virtually eliminated because blades 
are precision drilled on watchmaker’s equipment to 
the exact size of the wire. Greater contact area and 
fine serrations of jaws provide extreme holding 
power, permitting insulation to pass the most rigid 
inspection standards — where marking and grooving 
must be kept to a minimum. 


Speeds production! Automatic one-squeeze action makes 
Teflon stripping a “lightning-fast” operation for 
anyone. Just insert wire between blades to desired 
length, squeeze handle and release. Jaws snap back 
into position, ready for next strip. 


*TEFLON is a registered trade name of E. 1. duPONT deNEMOURS & CO. 


Two additional features (optional) 


0 \0) I; 
a i 


remains on wire, 
c Latch may be 
in holes. full 7/38” 


SHORT STOP 

LATCH — limits 

stripping stroke 

to approximate- 

ly $/32”. Insu- 

lation “slug” 
protecting strands. 
disengaged to allow 
stroke 


justs to desired 
length for uni- 
form stripping 
every time. Al- 
lows greater visibility for plac- 
ing wire 


Sold Through America’s Leading Distributors. 
in Canada: Irving Smith, Ltd., Montreal. 


SR SSR ER See eee see ESRB ESSE ESE eSB eee 
IDEAL INDUSTRIES, INC. 


ee 
. GDEAL 
1008-F Park Avenue, Sycamore, Illinois =—— 


rane 


Please send me full catalog data on Teflon 
Hand Stripper. 


elele). 
FOR FULL 


ATALOG 


Company— 
DATA 
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Ther Electric & Machine Works, 11A S 
Jefferson, Chicago 6, Ill 

Universal Manufacturing Co., Inc., 418 
Hillside Awve., Hillside, N. J. 


COIL WINDING MACHINES 


Arnold Magnetics Corp., 4615 W 
Blvd Los Angeles 16, Calif 

Boesch Manufacturing Co., Inc., Danbury, 
Conn 

con (ating Equipment Co., Oyster Bay, 


Jeffersor 


Fort Wayne Tool, Die & Engineering Co., 
1025 Goshen Rd., Fort Wayne, Ind 

Rex Rheostat Co., Baldwin, L. I., N. Y. 

Stevens Manufacturing Co., Inc George 
6022 N. Rogers Ave., Chicago 30, Ill 

Universal Manufacturing (o., Inc., 418 
Hillside Ave., Hillside, N. J 


Universal Winding Co., P.O. Box 1605 
Providence 1, R. I 


COLD HEADED PARTS. See Fasteners. 


COLLARS, SHAFT 


Climax Metal Products Co., 
140th, Cleveland 10, Ohio 


COMMUTATORS 


Kirkwood Commutator Uo 130th 
Cleveland 11, Ohio 

— Molding & Mfg. Co., Gurnee 96, 
Til. 

Nippert Electric Products Co., 
Mound, Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich. 

Westinghouse Electric Corp., Gateway Cen- 


ter Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


863 East 


, 4855 W 


1759 W 


COMMUTATOR SAWS and SLOTTERS 
Holub Industries, Inc., 445 Elm, 
more, Ill 

{deal Industries, Inc., 
Sycamore, Il 


Syca- 


1008 Park Ave., 


COMPARATORS, OPTICAL 


Bausch & Lomb Optical Co., 84717 St. Paul 
Rochester 2, N E 
COMPOUNDS, SEALING. See Cement, 


Insulating and Sealing; also Waxes and 
Compounds 


COMPOUNDS, VARNISH. See Varnishes 
Compounds and Resins, Insulating 


COMPUTER COMPONENTS 

Airpax Products Co., Middle River 
more 20, Md 

Brie Electro-Mechanical Div., Erie Resis 
tor Corp., Erie 6, Pa 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Giannini & Co., Inc., G. M., Pasadena 
Calif 

Texas Instruments 
Lemmon Ave., 


Balti- 


Incorporated 6000 
Dallas 9, Texas 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 


Appleton Electric Co., 
Ave., Chicago 13, Il 
Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J 

Crouse-Hinds Co., Syracuse 1, N. Y 
Ideal-Simplet Fittings, Inc.. Sub. of Ideal 
Industries, Inc., 1008 Park Ave., Syca 
mors, IL 


1723 Wellingtor 


CONNECTORS, PRINTED CIRCUIT 


Amphenol Electronics Corp., 1830 S. 54th 
Ave Chicago 54, Tl 


CONNECTORS, WIRE and CABLE 


AMP Incorporated, 2160 
burg, Pa 

American Brass Co., Waterbury 20 
Amphenol Electronics Corp 
Ave., Chicago 54, Ill 
Bendix 


Paxton, Harris 
Conn 
1830 S. 54th 


Aviation 
Sidney, N. Y. 
Buchanan Electrical 

Rte. 22 
Burndy 
Conn 
Cannon Electric Co., 
Humboldt, Los 


Corp., Scintilla Div 
Products Corp., 
Hillside, N. J 

Corp., Omaton Div., 


Norwalk 


Dept. 500, 3209 
Angeles 31, Calif 
Crouse-Hinds Co Syracuse 1 N Y 
General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 
Holub Industries, Inc., 445 Elm, Syca 
more, [Il 
{deal Industries, Inc., 1008 
Sycamore, Ill 
Iisco Corp 5745 
cinnati 27, Ohio 
Johns-Manville, Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, Ill 
Johnson Co., E. F 2831 Second Ave 
S.W., Waseca, Minn 
Krueger & Hudepohl, 1043 
cinnati 4, Ohio 
Pass & Seymour, Inc., 
Syracuse 9, N. Y 
Sherman Manufacturing Co., H B 
Battle Creek, Mich 
Switcheraft, Inc., 1328 N. 
cago 22, Ill 
Thomas & Betts Co., Inc., 28 
Elizabeth 1, N. J 


Park Ave 


Mariemont Ave., Cin 


Evans, Cin 
Solvay Station 
Halsted, Chi 


Butler 


CONTACTORS, MAGNETIC. 
and Contactors. 


See Relays 


CONTACTS and CONTACT POINTS 
American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N 


eer Co., Inc., 113 Astor, Newark 5 


JUNE 


Brainin Co., C. 8., 
Vernon, N. Y 
Deringer Metallurgical Corp 
cello Ave., Skokie, Ill 
Eitel-McCullough, Ine., San Bruno, Calif 
Fansteel Metallurgical Corp., North Chi- 

cago, Til 
General Plate Div., Metals and Controle 
Corp 1906 Forest, Attleboro, Mass 
Gibson Electric Co., 8349 Frankstown Ave 
Pittsburgh 21, Pa. 
Mallory & Co., Inc., P. B., 
6, Ind 
Ney Co., J. M., P.O. Box 990, Hartford 
1, Conn. 
Stackpole Carbon Co., St. Marys, Pa 
Wilson Co., H. A., Route 22, Union, N. J 


218 Washington, Mt 


, 8119 Monti- 


Indianapolis 


CONTACTS, CARBON. See Carbon and 
Graphite. 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N. J 


CONTRACT MANUFACTURING 


Aluminum Goods Manufacturing Oo.. 
Manitowoc, Wis 

Chase Brass & Copper Co., 
necott Copper Corp.. Waterbury 20, Conn 

Croname, Inc 1769 Grace, Chicago 13, I! 

Elgin National Watch ©o., Micronies Div., 
Elgin, [ll 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio. 

Master Appliance Mfg. Co., Racine 2, Wis. 

Standard Tool & Mfg. Co., 238 Laurel 
Ave., Arlington, N. J 


Sub of Ken 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 8S. Second, Milwau- 
kee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Bristol Co., Waterbury 20, Conn 

Clark Controller Co. 1146 EB. 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y 

Cutler-Hammer Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill 

Eseco Works, Delta-Star Div.. H. K 
Porter Co., Inc., Lockport, Il. 

Federal Pacific Electric Co., 50 
Newark 1. N. J 

Furnas Electric Co., 1024 McKee, Batavia 
Il 

General Blectric Co., Apparatus 
Div Schenectady 5, N. Y 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Square D Co., 4041 N. Richards, Milwau 
kee 12. Wis 

Vickers Blectric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo 

Ward Leonard Electric Co., 34 
Mount Vernon, N. Y 


152nd 


Paris 


Sales 


South 


CONTROLLERS, POTENTIOMETER 


Bristol Co., Waterbury 20, Conn 
Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N 

Wheelco Instruments Div., Barber-Colman 
Co., 1408 Rock, Rockford, Ill 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches 


CONTROLS, PRESSURE and TEMPER- 
ATURE. See also Relays. Switches 
Thermostats 


Allen-Broviley Co., 
kee 4, Wis 

Assembly Products, Inc 
Ohio 

Automatic Temperature Control Co Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave Philadelphia 44, Pa 

Barber-Colman Co., Dept. R, 1203 Rock 
Rockford, Ill 

Bourns Laboratories, P.O. Box 2112 
side, Calif 

Bristo) Co.. Waterbury 20, Conn 

Cutler-Hammer Inc 1264 St. Paul Ave 
Milwaukee 1 , 

Fenwal Inc 16 Pleasant 

G-V_ Controls Inc s 
East Orange, N d 

General Electric C Apparatus 
Div., Schenectady N. Y¥ 

Hart Manufacturing Co., 211 
Ave Hartford Conr 

McGraw-Edison, Thomas Falison Ir 
lustrie Instr ent i selar 


1316 8. Second, Milwau 


Chesterland 14 


River 


Ashland, Mas 
Hollywood Plaza 


Sales 


Bartholomew 


Corp 4201 Belmont Ave., Chi 
ago 41 Il 

Robertshaw Fulton 
Div Columbus 16 

Spencer Thermostat Div Metals & Cor 
trols Corp 606 Forest, Attlebor Ma 

Square D Cc 4041 N. Richards, Milwau 
kee 12 Wis 

Weston Electrical Instrument Corp \ 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Colmar 
Co., 1403 Rock, Rockford, I) 

Wiegand Co Edwin L. 7530 
Bivd., Pittsburgh 8, Pa 


Controls Co Acre 
Ohio 


Thomas 


CONTROLS, PUSH-PULL 


Arens Controls, 2017 Greenleaf 
Ill 


Evanstor 


CONTROLS, REMOTE. See Push Buttor 
Stations; Relays and Contactors 
Switches 


CONTROLS, RESISTANCE. See Resistors 
also Rheostats 
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EIMAC Powers Pants Reinforces " 


10 kw dielectric heating system uses Eimac SX2500F3 


Industry has turned to the versatile electron to 
speed up mass production techniques. Shown 
above is the Radio Frequency Company IOKW 
patch press now in use at the Levi Strauss Com- 
pany factory in Santa Cruz, California. 


Used to literally ‘‘weld"’ strengthening rubber- 
ized patches into the knees of children’s jeans, 
the speed and uniform heating of this modern 
dielectric heater does the job six times as fast 
as the old-fashioned all-steam press system. 


A single, sturdy, long-lived Eimac 3X2500F3 


EITEL-McCULLOUGH, INC. 


Cm & 8 OR wf A 


Ss a é SB RuUN 8 


Ecmac Firet for industrial electronic heating 


power triode is used in a conventional tuned- 
grid, tuned-plate 27 me circuit, that welds 
patches permanently at the rate of 225 dozen 
pairs daily. The operator reinforces six pant 
legs at a time, at an average time interval of 
30 seconds for each operation. 


Eimac has a complete line of rugged ‘‘tubes 
that can take it’’ for electronic heating in food, 
plastics, plywood, rubber and other industries. 


Consult our Application 
Engineering Department 


for further information. 








Typical operation 3X2500F3 
Class C Power Amplifier or Oscillator 


D-C Plate Voltage 6000 volts D-C Grid Current 180 ma Plate Power Input 12,500 watts 
D-C Plate Current 2.08 amps Peak R-F Grid Input Voltage 765 volts Plate Dissipation 2,500 watts 
D-C Grid Voltage —500 volts Driving Power (approx.) 136 watts Plate Power Output 10,000 watts 


Grid Dissipation 46 watts 
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MINAL 
BLOCKS 


Lu Ae SF Ss 
n~ 


RESISTORS 
& 
TOROIDAL 
WINDING 
MAC FINE S 


most uses don’ t require it, but if you 
need it 5 times...10 times...15 times, 


the M*-F TWO-WAY LOCK NUT 


IS YOUR LOW-COST ANSWER! 





WO-WAY ‘ALL METAL 
DOUBLE CHAMFERED 
LOCK NUT 


You owe it to your product and to your production 
manager to find out about the LOCK NUT THAT 
DELIVERS: 1. Reapplication. 2. Automated application 
without selective devices. 3. Locking power without 
using all threads. 4. Consistent torque —no “spins,” no 
“sticks” no line hold-up. 5. tow cost! 






SEND FOR FREE CATALOG. The M‘F line includes off- 
the-shelf-sizes in all semi-finished hexagon nuts, all types 
of all metal lock nuts, weld nuts and the M-F untr-rorque 
LOCK Nut. All specifications, torque tests etc., included. 


Yours for the asking: 


MAC LEAN-FOGG lock nur Company 


S535 NORTH WOLCOTT AVENUE, Chicago 40, Illinois 


CONTROLS, SERVO. See Servomecha 


nisms 


CONVERTERS, ROTARY 


Carter Motor Co., 2708 W. George, Chi- 
cago 18, Ill 


COPPER. See Brass, Bronze and Copper 


COPPER, BERYLLIUM. See Beryllium, 
Copper. 


CORD and TWINE, ARMATURE and 
COIL 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Mica Insulator Co., Sub of Minnesota 
Mining . Manufacturing Co., Schenec- 
tady 1 

Varfier Corp., 504 W. Court, Rome, N. Y. 

Westinghouse FElectric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


CORD, INSULATED. See Wire and 
Cable, Insulated 


CORD, RESISTANCE LINE. See Resist- 
ance Line Cords 


CORD SETS 

Belden Manufacturing Co., 4633 W. Van 
Buren, Chicago 44, Ill 

Circle F Mfg. Co., Trenton 4, N. J 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. ¥ 

Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb, Ill 

Crescent Co., Carol Cable Div., Pawtucket, 
R. I 

General. Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn 

Phalo Plastics Corp., Commercial & Fos 
ter, Worcester 8, Mass. 

Royal Electric Corp., Pawtucket, R. I 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland 12, Ohio 


CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Products 


CORES, REFRACTORY. See Ceramics 


CORES, TRANSFORMER 


Acme Electric Corp., Cuba, N. Y 

American Lava Corp., Chattanooga 5 
Tenn. 

Arnold Engineering Co., Marengo, Il. 

General Ceramics Corp., Keasbey, N. J 

Magnetic Metals Co., Hayes Ave., at 21st, 
Camden 1, N. J 

Magnetics, Inc., Box 391, Butler, Pa 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill. 

Stackpole Carbon Co., St. Marys, Pa. 

Thomas & Skinner,, Inc., 1114 E. 23rd, 
Indianapolis 7. Ind. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co., 7005 Ingersol, Lan 
caster, Pa. 


COUNTERS. See also Instruments, Elec- 
tronic; Relays 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Berkeley Div. of Beckman Instruments, 
Inc., 2200 Wright Ave., Richmond 3,, 
Calif. 

Boesch Manufacturing Co., Inc., Danbury, 
Conn 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Fort Wayne, Ind. 

| Bristol Co., Waterbury 20, Conn 
| Counter & Control Corp., 5225 W. Electric 
Ave., Milwaukee 14, Wis. 

Eagle Signal Corp., 202 20th, Moline 1, 
Til 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Ill. 

| Production Instrument Co., 700-04 W. 
| Jackson Blvd., Chicago 6, Ill. 
| Veeder-Root, Inc., Hartford 2, Conn 


COUPLINGS, CLUTCH. See Clutches. 


COUPLINGS, FLEXIBLE 


| Climax Metal Products Co., 863 East 
| 140th, Cleveland 10, Ohio. 
Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. 
Guardian Products Corp., 1215 E. Second, 
Michigan City, Ind 
Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, Il. 


CRYSTAL DIODES. See Rectifiers, Semi- 
conductor; Transistors and Crystal 
Diodes. 


CRYSTALS, QUARTZ 


Brush Electronics Ce Div. of Clevite 
Corp., 3405 Perkins Ave., Cleveland 14, 
Ohio 


RCA Electronic Tube Div., Radio Corp 
' of America, Harrison, N, J 


“a 


CYLINDERS, AIR 
Mead Specialties Co., 4114 N. Knox Ave., 
Dept. E-47, Chicago 41, IL 


DELAY LINES. See Computer Compo- 
nents 


DIAL LIGHT ASSEMBLIES. See Lights, 
Pilet and Indicator. 


DIALS and PANELS 

Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis. 

Croname, Inc., 1769 Grace, Chicago 13, 
Til 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., Newport Beach, Calif. 
Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
oy 3, wR. 


DIE CASTINGS. See Castings, Die. 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units. 


DIE-SETTING TOOLS 
Wales-Strippit Co., Akron, N, Y. 


DIES, PRECISION, LAMINATION, Ete. 


Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y. 

Twin City Die Casting Co., 33rd & Talmage 
Ave., S. E., Minneapolis, Minn. 


DIODES. See Rectifiers, Semiconductor; 
Transistors and Crystal Diodes 


DRAFTING EQUIPMENT and 
MATERIALS 


Keuffel & Esser Co., Hoboken, N. J 
Ozsalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y 


DRIVES, BELT 


Allis-Chalmers, Milwaukee 1, Wis 

Dayton Rubber Co., Ind. O.E.M. Div., 
Dayton 1, Ohio 

New York Belting & Packing Co.,, 1 
Market St., Passaic, N. J. 


DRIVES, ELECTRONIC. See also Speed 
Reducers and Drives. 


Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y¥ 

Reliance Electric & Engineering Co., 24701 
Buclid Ave., Cleveland 17, Ohio 

Servospeed Co. Div of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


DUCTS, WIRING (Control Panel) 

Spaulding Fibre Co., Inc., Tonawanda,, 
s/s 

Stahlin Brothers Fibre Works, Inc., Dept. 
E, Belding, Mich. 

Taylor Electric, Inc., 15406 Dale, Detroit 
23, Mich. 


DUPLICATING MACHINES, DIELESS. 
See Benders, Brake and Shears. 


DYNAMOMETERS 

Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y. 

Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Robbins & Myers, Inc., Springfield, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


DYNAMOTORS 
Carter Motor Co., 2708 W. George, Chi- 
cago 18, Ill 


ELECTRICAL SHEETS. See Steel, Elec- 
trical. 


ELECTRONIC COMPONENTS. See spe- 
cific headings 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Ete.) 


American Lava Corp., Chattanooga 5, 
Tenn 

Eitel-MeCullough, Inc., San Bruno, Calif. 

Engineering Co., 27 Wright, Newark 5, 
N. J 


ENAMELING SHEETS. See Steel, Com- 
mercial Forms and Grades. 


ENAMELS. See Lacquers, Enamels, Paints 
and Varnishes, Finishing, 


EYELETS and GROMMETS 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 

Goshen Rubber Co., Inc., P. O. Box 517, 
Goshen, Ind. 
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Elongation test of sample heelpiece metal typifies quality control measures that leave nothing to chance at Automatic Electric. 


STANDARDS THAT DETERMINE RELAY QUALITY 


53 dimensional checks 
assure perfect alignment 


The heelpiece of a relay is the plat- 
form on which all other parts rest. 
To maintain accurate contact spac- 
ing and pressure, the heelpiece must 
never shift, never twist, never bend. 

We insure flatness and dimensional 
stability on both Class A and Class 
B relays, by planishing the heelpiece 
to relieve strains. In addition, we 
exercise unusual accuracy in the po- 
sitioning, drilling and tapping of the 


AUTOMATIC 42 ELECTRIC 


A member of the General Telephone System —One of America's great communications systems 


holes, in forming the 90° angle bend, 
and in the contour of the armature 
end of the heelpiece. 

On this single part, fifty-three spec- 
ified dimensions are maintained and 
checked—many of which must be 
accurate to less than 0.002”. Rigid 
tests and inspections safeguard the 
quality of the raw material itself—a 
very special sort of magnetic iron. 

Care like this in the manufacture 
of each component makes it clear 
why Automatic Electric relays are 
the most reliable that money can buy. 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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Ciass ‘‘B’’ Relay, for outstanding enduronce 
and dependability. Write today for Bulletin 
537. Address: Automatic Electric Sales 
Corporation, Chicago 7. In Canada: 
Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 
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[°[°/4\ New Bi-metal Element 


is basis of 
Miniature 
Circuit 
Breakers 


Special Features 
Current ratings from 50 ma. fo 25 amp. 


Tripping characteristic assures full pro- 
tection in entire overload range. 


Circuit Breaker current rating 
may be selected very close to 
actual motor running current 
—nuisance trips eliminated. 


E-T-A Miniature 
Circuit Breaker 


For complete data and prices, write for Bulletin tla/52. 


E-T-A PRODUCTS CO. OF AMERICA 
5085 North Elston Avenue Chicago 30, Illinois 


a eR 


field coil Retainer Strips! 


{old 
Double-step 
Method 


SPEED UP field coil 
assembly now with 


“2 PERMA-KLIPS 


Why buy, cut and apply strips of insulation under your 
field coil retainer strips? Hanscom PERMA-KLIPS, pre- 
insulated and pre-formed to your requirements, 
eliminate all these extra time-consuming opera- 
tions! V4" wide ductile steel wire, highest quality 
electrical grade Kraft insulating paper, ready for 
varnish dip and bake . . . for as little as $7.88/M 
. . « perfect for assembling small electric motors. 
H. F. Hanscom & Co., Inc., 6 Virginia Ave., 
Providence 5, R. 1., U.S.A. 


Write 

for 

free 
Samples! 


Hanscom 


PERMA KLIPS 


Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y¥ 

Roth Rubber Co 1860 §S 
Chicago 50, Til 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1, 
N. J 


54th Ave., 


FABRICS, INSULATING. (Sheets, Tapes, 
Yarns, Thread, Cord, Etc.) 
Glass Fiber, Varnished Cambric, Cotton, 
Linen, Silk Asbestos, et See also 
Tape and Sheeting Synthetic Resin 
Tubing and Sleeving, Braided Fabric 

Acme Wire Co., 1225 Ave., New 
Haven 14, Conn 

Bentley. Harris Mfg. Co., 
Conshohocken, Pa 

Brand & Co., Inc., 
Conr 

Celanese Corp. of 
Newark 5, N. J 

Continental- Diamond 
13, Del 

Cottrell Paper Co., Inc 
River, Mass 

Electro-Technical Products, Div 
Chemical Corp., Nutley 10, N. J 

General Electric Co., Laminated Products 
Dept Coshocton, Ohio 

Gudebrod Bros. Silk Co., Inc., 
Philadelphia 7, Pa 

Hess, Goldsmith & Co. Inc., 
Linton Div., 1400 Broadway, 
a; x. 2 

Insulation 


Dixwell 
1205 Barclay 
William, Willimantic 
America, 290 Ferry 
Fibre Co., Newark 
88 Purchase, Fall 
of Sun 
12 8. 12th, 


Horace 
New York 


‘Tanufacturers 
Blvd 


Corp., 565 W. 
Washi Chicago 6, Til 

Irving’ Minnesota Mining & 
Man Co., 9 Argyle Terrace, 
Irvingt N. J 

Johns-Mass Box 14, 
me Be 

Johns-Manville, Dutch 
7800 Woodlawn Ave., Chicago 19, Il. 

L. O. F. Glass Fibers Co., 1810 Madison 
Ave., Toledo 1, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Sche- 
nectady 1, N. Y. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 90@ Fauquier Ave., St. 
Paul 6, Minn 

Natvar Corp., 207 
bridge, N. J. 

New Jersey Wood Finishing Co Elec- 
trical Insulation Dept., Woodbridge, 
N. J 

Owens-Corning Fiberglas Corp, 598 Ma- 
dison Ave., New York 22, N. Y. 

Raybestos-Manhattan, Inc., Plastic 
ducts Div., Manheim, Pa 

Varfiex Corp., 504 W. Court, Rome, N. Y 

Westinghouse Electric Corp. Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


New York 16, 
Brand Products, 


Randolph Ave., Wood- 


Pro- 


FANS and BLOWERS 


Diehl Manufacturing Co. 
of The Singer 
erville, N. J 

Eastern Air Devices, Inc., 
Ave., Dover, N. H 

El Ray Motor Co., Inc., 
Hollywood, Calif 

Emerson Electric Mfg. Co., St 
Mo 

Fasco Industries, Inc., 

Globe Industries, Inc 

Heinze Electric Co., 
ell, Mass 

Master Appliance 
Wis 

Robbins & Myers, 
Springfield, Ohio 

Torrington Manufacturing Co., 
ton, Conn 


Electrical Div 
Manufacturing Co., Som- 


383 Central 
11747 Vose, N 
Louis 21, 
Rochester 2, 


Dayton 4 
685 Lawrence, 


me 
Ohio 
Low- 


Mfg. Co., Racine 2 


Inc., Propeller Div., 


Torring- 


FASTENERS (Bolts and Nuts; 
Snap Assemblies; Pins; 
Washers and Screws; 
Serews; Rivets; Screws; 


Lock and 
Pre-assembled 

Recessed Head 
Washers.) 


Bolts and Nuts 


Machine Bolts and 
Stove Bolts (B) 
Self-Locking Nuts (C) 
Sheet Metal Lock Spring Assembly Nuts 
(D) 
Screw Thread 
Cold Headed 
Studs and 
Cap Nuts (G) 
Spade Bolts (S) 
Welding Nuts 
Wing Nuts (W) 


Aluminum Co. of America, 
Pittsburgh 19, Pa. (A) 
Bristol Co., Waterbury 20 

Burndy Corp., Omaton 
Conn 

Chase Brass & Copper Co 
necott Copper Corp., 
(ABCF) 

Cleveland Cap 
Road, Cleveland 28 

Continental Screw Co., 
Mass AB) 

Elastic Stop Nut Corp. of America, Dept. 
R-40-622, 2330 Vauxhall Rd., Unior 
N. J. (ACT ) 

Eleo Tool and Screw Corp., 
way, Rockford, Ill. (ABF) 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Til 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. (GW) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Il. (ABC) 


Nuts (A) 


Inserts (E) 
and Rolled Threaded Pins, 
Special Parts (F) 


Clinch-on) (N) 
Alcoa Bidg., 


@onn 
Div., 


(A) 
Norwalk, 


Sub. of Ken- 
Waterbury 20, Conn 


Screw Co., 
Ohio 


4444-11 Lee 


New Bedford, 


1800 Broad 


JUNE 


Hassall Inc., Jom P.O 
Westbury, L. 1L., N. Y¥. (F) 

Keystone Bolt & Nut Corp., 127 
New York 7, N. Y. (AB) 

Mac Lean-Fogg Lock Nut Co., 5535 N 
Wolcott, Chicago 40, Il (C) 

Milford Rivet & Machine Go., 
Conn BF) 

National Lock Co., Rockford, Ill. (A) 

Palnut Co., Sub. of United-Carr Fastener 

Corp., 66 Glen Rd., Mountainside, N. J 
Cc) 

Parker-Kalon Div 
Transportation Corp 
ton, N. J AB) 

Prestole Corp 1303 
Ohio (D 

Russell, Burdsall & Ward Bolt 
Co., Port Chester, N. Y. (ABF) 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Ill. (C) 

Standard Pressed Steel Co., Jenkintown 9 
Pa. (AN) 

Sterling Bolt Co., 
Ill. (ABP) 

Thompson-Bremer & Co 
Machine & Foundry Co. 
born, Chicago 10, Ill. (C) 

Tinnerman Products, Inc., P 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp., 
42, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W. 
cago 22, Ill. (8) 


Box 


2225 


Church 


Milford 


General 
Entin 


American 
Rd., Clif 


Miami, Toledo 5 


and Nut 


363 W. Erie, Chicago 
Sub. American 


514 N. Dear 
O. Box 6688, 
Cambridge 


Hubbard, Chi- 


Lock & Snap Assemblies (Door Panel. 
Shelf Support and Mounting, etc.) 


Dimco-Gray Co., 210 E. 6th, Dayton 2 
Ohio 
of Illinois Tool Works, 193 
Algonquin Rd., Des Plaines, Ill. 


Fastex Div. 
Simmons Fastener Corp., 1752 N. Broad- 
way, Albany 1, N. Y. 


Pins—Cotter 
(G); Spiral 

Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 20, 
Conn. (F) 

Elastic Stop Nut Corp. of America, Dept. 
R-40-622 0 Vauxhall Rd Union, 
N. J 

Sterling Bolt Co., 
Til 


(F); Locking and Tapes 
Coil (M) 


363 W. Erie, Chicago, 


Pre-Assembled Washers and Screws 

Continental Screw Co., New Bedford, Mass 

National Lock Co., Rockford, Ml. 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Til. 

Thompson-Bremer & Co., Sub American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Til 

United-Carr Fastener Corp., 
42, Mass. 


Cambridge 


Recessed Head Screws 


Bristol Co., Waterbury 26, 

Central Screw Co., 3501 
Chicago 9, Ill 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 

Continental Screw Co., New Bedford, 
Mass 

Eleco Tool & Screw 

Harper Co. nm. @.. 
Morton Grove, Ill 

Keystone Bolt & Nut Corp., 127 
New York 7, N. Y 

Milford Rivet & Machine Co. 
Conn 

National Lock Co 

Parker-Kalon Div 
Transportation Corp., 
ton, N. J 

Russell, Burdsall & Ward 
Co., Port Chester, N. Y¥ 

Shakeproof Div. of Illinois Tool 
St. Charles Rd., Elgin, Tl. 

Standard Pressed Steel Co., Jenkintown 9 
Pa 

Sterling 
Ill 

Thompson-Bremer & Co., 
Machine & Foundry Co 
born, Chicago 10, Ill 


Conn. 


Shields Ave., 


Rockford, Ill 
Lehigh Ave., 


Corp., 
8204 


Church, 
Milford, 


Rockford, Ill 
General American 

Entin Rd., Clif- 
Bolt 


and Nut 


Works, 


Bolt Co., 363 W. Erie, Chicago, 
Sub. American 
520 N. Dear 


Rivets 


Aluminum Co. of America, 
Pittsburgh 19, Pa 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 

Chicago Rivet & Machine Co., 9609 W 
Jackson Blvd., Bellwood, Ill 

Continental Screw Co., New 
Mass 

Deringer Metallurgical Corp 
ticello Ave., Skokie, Ill 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 

Gries Reproducer Corp 149 Beechwood 
Ave New Rochelle, N. Y 

Harper Cc H. M., 8204 
Morton Grove, Ill 

Hassall, Inc., John, P.O. Box 2225, 
om. & tL, N. TF 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y¥ 

Milford Rivet & Machine Co., 
Conr 

Russell, Burdsall & Ward Bolt 
Co Port Chester, N. Y 

Sterling Bolt Co., 363 W 
Til 


Alcoa Bidg., 


Bedford, 


8119 Mon- 


Lehigh Ave., 


West 


Milford 


and Nut 


Erie, Chicago, 


Screws—Cap and Set Self 


Tapping (J) 
Allen Manufacturing Co., 133 
Hartford 5, Conn 


Machine (H) 


Sheldon 
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THIS IS GLASS 


a bulletin of practical new ideas 


New, neat 









way to heat 
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You can’t buy this heater, yet. It's new— 
in fact so new in concept that what you 
see is a preliminary design sketch. 

What makes it so unusual is the heat- 
ing element it is designed around. 
Corning’s new tubular heating element 
called HEAT SHEATH®. 

This is what the basic unit looks like. 

Essential components are: 
Vycor brand glass tubing, colored 
red; capped leads; and a com- 
pletely enclosed, extremely efh- 
cient wire heating element. 

True .. . sheathed heating 
units are not new. But HEaT 
SHEATH offers a combination of 
important advantages to you who 
seek a compact, efficient, versa- 
tile source of heat. 

Let’s start with the glass tubing. 
It's made of a Vycor brand glass 
that contains 96% silica. And 
silica in such amounts gives this 
glass the ability to cope with the 
usually adverse effects of both 
high temperatures and sudden ther- 

mal shock. 

For example: You can take an object 
made of a Vycor brand glass, heat it to 
900° C., and then plunge it into ice water 
without cracking, crazing, shattering, or 
any change in form. 

Next, consider the freedom of design 
this tubing offers . . . and how little space 
it requires. (O.D. is *6”.) With a tenta- 
tive rating of 500 watts per linear foot, 
you can provide desired heat with short 
sections ‘“‘banked,” or long, single units. 

These units heat up fast, too, going 
from room temperature to maximum 
rating within 5 seconds. The warm red 
coloring is right in the glass—it can’t 
wear out or off. (Note: Specific shade de- 
pends on wattage input and varies from a 
deep red toa cheerful ruby glow—colors 
that add psychological value to the heat.) 

Naturally, the glass enclosure protects 
the heating element from dirt, dust, and 
accidental shorting. Fire hazard is reduced 
to zero. And the heating element itself has 
a life rating of 5,000 hours, plus. 

Not interested in portable heaters at 
the moment? How about laundry dryers, 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





broiling units, baseboard heating, air 
conditioning, industrial dryers? Maybe 
you’ve already thought of other possible 
applications. 

If you’re interested in finding out more 
about this compact, attractive, versatile, 
and challenging item, contact our Appli- 
ance Parts Sales Department. Write, 
wire, or phone. 

Afterthought: There are 7 different 
glasses in the Vycor brand group. We 
have a booklet that tells about them, 
gives details on thermal characteristics, 
radiant energy control applications, and 
such. The booklet is Bulletin B-91. Free 
with the coupon. 


On the level 





This intriguing (though difficult to show 
to advantage) bit of gadgetry is part of a 
turn-and-bank indicator for airplanes. 

We don’t make such instruments. We 
do supply the glass tubing, made from 
one of our Pyrex brand glasses. 

Those who do fashion instruments of 
this type find Corning a reliable, econom- 
ical source for this tubing. Besides being 
free from visual defects this tubing is rug- 
ged, accurate and easily worked. 

Astute makers of many things have 
discovered the practical and profitable 
road to glass components. They bring 
their wants to Corning 

The list of items and special glasses in- 
volved almost defies enumeration. (There 
are some 65,000 glass compositions in our 
files.) But a good start is a pleasant book 
called *‘This is Glass.”” Free. And/or drop 
us a line briefing your problem and we'll 
investigate and report promptly. 


Glass” [1]. 


Name 
Company 
Street eupentecinil es 


CIR iene 
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from Corning 


How to prevent TV sunburn 


Those who perform in front of TV cam- 
eras are occasionally subjected to an 
occupational hazard called “television 
sunburn.” 

Cause of this unsought skin tinting is 
the intense heat generated by the big 
lights used to illuminate sets. 

Now set the stage for another problem: 
Telecasting during the summer from a 
barn-like structure that has defied every 
effort of those versed in the art of air 
conditioning. 

This ‘‘double trouble” is what the pro- 
ducers of a popular show, called “Grand 
Ole Opry,” faced last summer. Putting 
the show on from Ryman Auditorium in 
Nashville, Tennessee, loomed as quite an 
ordeal. 

Enter here a sensitive and knowledge- 
able person. His suggestion: Try Pyrex 
brand infrared reflecting glass. 

Sheets of this glass were placed in front 
of the lights with simple brackets. Here’s 
what the setup looked like: 





Heat output was reduced some 50%. Yet this 
PYREX brand infrared reflecting glass still trans- 
mitted 75% of the wanted light. 


Conclusion: Where there’s a_ knotty 
problem you'll often find a Corning glass 
to solve it. A number of good examples 
are detailed in Bulletin PE-34, a concise 
reference on infrared, sight glasses, flat 
glasses and sundry other useful items. A 
check in the coupon brings it to you. 


ee ee 
CORNING GLASS WORKS, 59-6 Crystal Street, Corning, N. Y. 


Please send me the following material: Bulletin B-91, “VYCOR brand Industrial Glassware 
by Corning” []; Bulletin PE-34, “Corning Flat Glasses” (J; Mustrated booklet, “This is 


Title 


Zone State 








Designers—Engineers: 


ADVAC 


TERMINALS 


-will solve your 
toughest hermetic seal 
problem with a wide 
margin of safety! 


OUTSTANDING 
DESIGN 
ADVANTAGES 
INCLUDE — 


Specify ADVAC 
for temperatures to 
1400°F, pressures 
to 2000 P.S.|I. 


ADVAC Hermetic Seals are 
produced under an exclusive 
process that provides a superior 
seal capable of withstanding 
gruelling environmental condi- 
tions. Advac terminals feature 
a metallized high grade alu- 
mina construction that 
provides a super-strength seal. 
Performance-proven in critical 
commercial and military appli- 
cations, ADVAC seals are 
available in standard types or 
custom designs for special re- 
quirements. 


NEW BULLETIN — contains 
complete information on the 
ADVAC line. Address inquiries 
to Dept. MF. 


A a 
Mu red 


> High Mechanical 
SCT TL 


AeA Cd 
eR 


CCR ls 
Brazing, Welding 
or Soft-soldering 


ADVAC TERMINALS ARE PRODUCTS OF — 


ADVANCED 


VACUUM 
PRODUCTS - INC 


430 FAIRFIELD AVENUE, STAMFORD, CONN. 
Telephone: DAvis 4-2148 


A DIVISION OF GENERAL CERAMICS CORPORATION 
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| Continental 


; Elco Tool and Screw Corp., 1800 


| Standard Pressed Steel Co., Jenkintown 9 


|} Barnes Co., 





| Gibson Co 


| Manross & Sons Co., F. N., Div. 


Russell 


| Thompson-Bremer & Co., Sub 


Western Felt Works, 4021-4139 W. 


| FIBRE, 


Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa 
Bristol Co., Waterbury 20, Conn. (H) 


| Chase Brass & Copper Co., Sub. of Ken- 


necott Copper Corp., Waterbury 20, Conn. 

(KL) 

Screw Co., New Bedford, 

Mass. (HJ) 

Broad- 
way, Rockford, Ill, (HJ) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (J) 

Hassall, Inc., John, P.O. Box 2225, West- 
bury, L. L., N. Y. (HJ) 
Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y¥. (HJ) 
Milford Rivet & Machine Co., 
Conn. (HJ) 

National Lock Co., Rockford, Ill. (J) 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif- 
ton, N. J. (HJ) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y¥ 

Set Screw & Manufacturing Co., 112 
Main, Bartlett, Ill. (H) 

Shakeproof Div. of Illinois Tool 
St. Charles Rd., Elgin, Ill. (J) 


Milford, 


Works, 


Pa. (H) 
Sterling Bolt Co., 
10, Ill. (HJ) 
United-Carr Fastener 
42, Mass. (HJ) 


363 W. Erie, Chicago 


Corp., Cambridgo 


Washers—Flat (K); Lock and Spring (L) 

Associated Spring Corp., Bristol, 
(KL) 

Auburn Manufacturing Co., 
Middletown, Conn. 

Wallace, Div. Associated 
Spring Corp., Bristol, Conn. (KL) 

Barnes-Gibson-Raymond Div., Associated 
Spring Corp., 40300 Plymouth Rd., 
Plymouth, Mich. 


Conn. 


306-I Stack, 


| B-G-R Cook Plant Div., Associated Spring 


Corp., Ann Arbor, Mich. (KL) 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 
Continental Screw Co., New Bedyord, 
Mass (KL) 


| Cosmo Plastics Co., 3239 W. 14th, Cleve- 


land 9, Ohio (K) 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn. 

Garrett Co., Inc., George K., Philadelphia 
34, Pa. (KL) 

William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 14, Ill. (KL) 

Harper Co., H. M., 8204 Lehigh 
Morton Grove, Ill (L) 

“_ Wrought Washer Co., Joliet, Illinois 
(K) 


Ave., 


Keystone Bolt & Nut Corp., 127 Church, 


New York 7, N. Y. (KL) 
Asso- 


ciated Spring Corp., Bristol, Conn. (KL) 


| Milwaukee Div., Associated Spring Corp., 


341 E. Erie, Milwaukee, Wis 
National Lock Washer Co., 
Newark 5, N. J. (L) 


(KL) 
40 Hermon, 


Ohio Div., Associated Spring Corp., 1712 


E. ist, Dayton, Ohio (KL) 


Palnut Co., Sub. of Wnited-Carr Fastener 


Ourp . 66 Glen Rd., Mountainside, N, J 
Raymond Mfg. Co., Div. Associated Spring 
Corp., Corry, Pa. (KL) 
Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 
Shakeproof Div. of Illinois Tool 
St. Charles Rd., Elgin, Ill. (L) 
Sterling Bolt Co., 363 W. Erie, Chicago, 
Til 


Works, 


American 
Machine & Foundry Co., 514 N. Dear- 
born, Chicago 10, Ill. (KL) 

United-Carr Fastener Corp., 


Cambridge 
42, Mass. (L) 


| FELT 
| American Felt Co., 


16 Glenville Rd., 
Glenville, Conn 

Continental Felt Co., Inc. 
15th, New York 11 


22-26 


ee. 4 


West 


Ogden 
Ave., Chicago 23, II. 


FIBRE, PHENOLIC. See Plastics—Mold- 
ing, Laminating, Casting and Extrusion 
Compounds 


VULCANIZED. 
Rod, Tubing). 


Continental-Diamond Fibre 
Budd Co., Newark 13, Del 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 

National Vulcanized Fibre Co., Wilming- 
ton ,99 Del 

Spaulding Fibre Co., Inc., 
N > 

Stahlin Brothers Fibre Works, Inc., 
E., Belding, Mich 

Taylor Fibre Co. Norristown, Pa 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y. 


(Board, Sheet, 


A Sub. of The 


Tonawanda, 


Dept 


FILTER ELEMENTS, POWDERED 
METAL 
Amplex Div 
3 Mich 
Radio Cores, Inc 
Lawn, Il 


Chrysler Corp., Detroit 


, 9540 Tulley Ave., Oak 


FILTERS, RADIO 


Aerovox Corp., Ne 

Cornell-Dubilier 
Plainfield, N 

Federal Telephone and Radio Co., Div 
of International Telephone and Tele- 
graph Corp., 100 Kingsland Rd., Clifton, 
mee 


Bedford 
Electric 


Mass 


Corp., South 


General Electric Co., Apparatus 

Div., Schenectady 5, N. Y. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Tobe Deutschmann Corp., Norwood, Mass 

United Transformer Co., 150 Varick, New 
York 13, N. ¥ 


Sales 


FINISHES, PRODUCT. See 
Enamels, Paints and Varnishes 
ing 


Lacquers, 
Finish- 


FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compen- 
sators, Control Units, Starters and 
Transformers. For Resistors, see Re- 
sistors, Instrument and Radio; also Ca- 
pacitors. 


Acme Electric Corp., Cuba, N. Y. 

Aerovox Corp., New Bedford, Mass 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 13, IL 

Circle F Mfg. Co., Trenton 4, N. J. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Sola Electric Co., 4633 W. 16th, Chicage 
50, DL 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Sylvania Wlectric Products, Inc., 
Broadway, New York 19, N. Y 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


1740 


FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Philadelphia Bronze & Brass Corp., Sub. 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. (Non-ferrous) 

Ryerson & Son, Inc., Joseph T., Chicago 
80, Ill. 


FREQUENCY METERS. See Instruments. 


FUSE HOLDERS, MOUNTINGS ané 
CLIPS 


Burndy 

Conn. 

Holub Industries, Inc., 445 Elm, Sycamore, 
Industries, 


Ml. 
1008 Park Ave., 
Sycamore, TL 


Ideal 

Iisco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, IIL 

Littelfuse, Des Plaines, ML 

Multi Electric Mfg. Co., 4227 W. Lake, 
Chicago 24, Il. 

Sherman Manufacturing Co., H. B., Bat- 
tle Creek, Mich. 

Square D Co., 6060 Rivard, Detroit 11, 
Mich. 


Corp., Omaton Div., Norwalk, 


Inc., 


FUSES 


Burndy 
Conn 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y. 

Littelfuse, Des Plaines, Ill. 

Royal Electrie Corp., Pawtucket, R. I 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, “4. 


Corp., Omaton Div., Norwalk, 


Salee 


GAGES, TEMPERATURE, PRESSURE 
and VACUUM 


Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Bristol Co., Waterbury 20, Conn 

McGraw-Edison, Thomas A. Edison In- 
lustries Instrument Div., Roseland, 
N J 

Servomechanisms Inc., Mechatrol Div., 625 
Main, Westbury, L. L, N. Y. 

Weston Electrical Instrument Corp * 
Sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Colmap 
Co., 1403 Rock, Rockford, Ill 


GALVANOMETERS. See Instruments 


GASKETS 


American Felt Co., 16 
Glenville, Conn 
Armstrong Cork Co., 
easter, Pa, 

tions) 

Auburn Manufacturing Co., 
Middletown, Conn 

Chase Brass & Copper Co., Sut f Ken 
necott Copper Corp., Waterbury 20, Conn 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill 

Goshen Rubber Co., Inc., P. 
Goshen, Ind 

Johns-Manville, Box 14, 
Ns 

Parker Appliance Co., 
Cleveland 12, Ohio 

Raybestos-Manhattan, Inc., 
ucts Div., Manheim, Pa 

Roth Rubber Co 1860 S. 54th Ave 
Chicago 50, Til 

United States Gasket Co., 
of The Garlock 
1, N. J 

Western Felt Works 
Ave., Chicago 23, ML 


Glenville Rd., 


7005 Ingersoll, Lan- 
(Cork and Rubber Composi- 


306-I Stack, 


0. Box 517 
New York 16 
17325 Euclid Ave 
Plastic Prod 


Plastics Div 
Packing Co., Camden 


4035-4117 Ogden 
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IDEAS 


TELEPHONE-TYPE COMPONENTS 
EXTENSIVELY USED IN CONTROL CIRCUITS 


Quality, use-tested equipment 
offered in new Kellogg catalog. 


A new catalog which features tele- 
phone components that are being 
used in automation has been pub- 
lished by the Kellogg Switchboard 
and Supply Company. Some of the 
items included are: 


Cam Keys. Built on a perfect center 
line or T-frame, making it possible to 
assemble any number of spring com- 
binations on either the locking, re- 
storing, or both locking and restoring 
types which are always interchange- 
able. A variety of Cam Key escut- 
cheons is also available. 


Two and Four Party Keys. Push- 
buttons which remain in operating 
position until restored by the Cam 
Key or by operation of one of the 
other buttons. 


Hook Switches. For hand receivers 
and other applications. They are dur- 
able. The springs are of heavy nickel 
silver. 


Spring Jacks. A variety of designs 
to fit various plugs. Available singly 
or in strips of 10 and 20. Both two 
and three-conductor designs. 


Combined Drops and Jacks. Avail- 
able singly or in strips of 5 and 10. 


Plugs. Two and _three-conductor 
plugs in a variety of sizes. Also four- 
conductor plugs. 


Lamps and Lamp Caps and 
Lamp Jacks. The lamps are special- 
ly made to be uniform in size, cur- 
rent consumption and brilliance. Caps 
are available in a wide range of col- 
ors and sizes. Lamp jacks are avail- 
able singly or in strips of 5, 10, and 
20. 


oo 
design and sturdy construction, built 


to the most exacting specifications. 
They can be furnished in a wide va- 
riety of spring combinations and coil 
resistances. Types available include— 
alternating current relays, 


Relays. Kellogg relays are of simple 


micro- 


meter adjustment relays, trip and re- 
storing relays, harmonic relays. 
polarized relays. Magnetic impulse 
counters. 


Coils and Condensers. Coils of- 
fered include relay coils, repeating 
coils, induction coils. Several types of 
condensers are offered. 


Ringers. Both biased and frequency 
selective ringers are listed. Weather- 
proof bells are offered. 


Switchboard Cable. Manufactured 
from the finest raw materials. Both 
braid covered and lead covered. From 
7 to 102 pair. Each pair is color 
coded for easy identification. 


Crossbar Switch. A master switch 
that does the work of 500 relays. Ex- 
tensively used in automatic telephone 
systems. 


Telephone Instrument Compo- 
nents. The Kellogg K500 phone is 
equal to the finest on the market. 
Quality K500 components include: 
Transmitters, receivers, dials, ringers. 


The catalog may be obtained by writ- 
ing the Kellogg Switchboard and Sup- 
ply Co., Dept. 70-F, 79 W. Monroe 
St., Chicago 3, Illinois. 


DEPENDABLE 
GRASSHOPPER FUSES 
SPECIFIED BY ELECTRONIC 
AND COMPUTER ENGINEERS 


Used Kellogg 
switching equipment, the grasshopper 
fuse is now finding extensive new 
use in electronic equipment. These 
small, simple, positive-operation fuses 
are identical to those used by the 
nation’s largest telephone operating 
companies. Accurately rated from 14 
amps to 7 amps. Write to Kellogg for 
full details. 


for many years in 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


ToL 
of these quality 


COMPONENTS 


COMO) are 4 


Pictured above are a few of the 
many types of keys, relays, jacks, 
plugs, and other components which 
Kellogg supplies to industry. 60 Years of 
experience stands behind the reliability 
of these important parts. Write today 
for your Kellogg Industrial Catalog. 
. 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
A Division of International Telephone and Telegraph Corp. 
Sales Offices: Dept. 70-F, 79 W. Monroe St., Chicago 3, lil. 


KELLOGG SWITCHBOARD AND SUPPLY CO. 


A Division of 
International Telephone and Telegraph Corp. 


QUALITY COMPONENTS FOR INDUSTRIAL CONTROL 
"QUALITY COMMUNICATIONS SYSTEMS 
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IN THE MAKING...WITH ARALDITE EPOXY RESINS 
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When You Need 
CONTACTS IN A HURRY 


Here’s how Deringer Delivery saves you 
time and increases your profits. 
¥ Whether the contact you need is stand- 
* ard or special, Deringer delivers in ac- 
é cordance with your needs and in less time 
than others take to process an order. 

Our prices are competitive. You pay no 
premium for our precision quality and 
faster delivery. 


Write for these FREE 
ONTACT CATALOGS 





If delivery has ever been a problem, 
try Deringer. You'll be glad you did. 


DERINGER 


Metallurgical Corporation 


8119 Monticello Ave ¢ 
PHONES: CHICAGO KEystone 9-8502 


Skokie, Illinois 


SKOKIE ORchard 5-1030 
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GEARMOTORS. See Motors 
GEARS and PINIONS 


American Stock Gear Div., Perfection 
Gear Harvey, Ill 

Amplex Div., Chrysler Corp., Detroit 
31, Mich 


Beaver Gear Works, Inc., 
Rockford, Lil 

Bowmar Instrument Corp. 2415 Pennsyl- 
vania Ave., Ft. Wayne, Ind. 

Continenta!-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 

Gear Specialties, Inc., 2635 W. Medill 
Ave., Chicago 47, Ill. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, IIL. 

Shakeproof Div. of I[llinois Tool Works. 
St. Charles Rd., Elgin, Ill. 

United States Graphite Co., 1621 Hollana 
Saginaw 8, Mich. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 30, Pa. 

Winzeler Manufacturing & Tool Co., 7355 
W. Wilson Ave., Chicago 31, Ill 


GENERATORS. See Motors. 


GENERATORS, ELECTRONIC 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y¥ 

General Electric Co., Electronics Div. 
Electronics Park, Syracuse 1, N. Y. 


1035 Parmele, 


Howard Industries, Inc., 1700 State 
Racine, Wis. 
Southwestern Industrial Electronics Co. 


2831 Post Oak Rd., P. O. Box 13058 
Houston, Texas 


GERMANIUM DIODES. See Rectifiers 
Semiconducter; Transistors and Crysta! 
Diodes 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

General Electric Co., Laminated Product» 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J. 


GLASS-FIBER, YARNS, CLOTHS ane 
TAPE. See Fabrics, Insulating. 


GLASS, TECHNICAL 


Corning Glass Works, Technical Products 
Div.. Corning. N. 

Croname, Inc., 1769 Grace, Chicago 13, Ill 

Hermaseal Co., Inc., 1010 Main, Elkhar 
Ind. (Tubes) 

Kopp Glass, Inc., Swissvale, Pa 


GOLD, ROLLED (Plate and Wire) 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 

Baker - Co., Inc., 118 Astor, Newark 5 
N. d 

General Plate Div., Metals & Controle 
Corp., 1966 Forest Attleboro, Mass 

Handy & 82 Fulton, New York 


38, N. a 

Ney Co., J. M., P. O. Box 990, Hartford 
1, Conn. 

Sel Rex Corp., 155 Manchester Pl., New- 
ark 4, N. J 


Wilson Co., H. A., Route 22, Union, N. J 


GRAPHITE. See Carbon and Graphite 


GREASE, BEARING 


Dow Corning Corp., Midland, Mich. (Sil1- 
cone) 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Il. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Walker Co., George, 118 Amsterdam Ave., 
Passaic, N. J. 

Weckesser Co. 5701 Northwest Highway, 
Chicago 30, Til 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 54, Ill 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Til. 

Brand & Co., Inc., 
Conn 

Cornish i Co., 50 Church, New York 
aye 

Cnet Co., Carol Cable Div., Pawtucket. 
R. I. 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill 

General Electric Co., Construction Mate- 
riak Div., Bridgeport 2, Conn 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass 

Switchcraft, Inc., 1328 N. Halsted, Chi- 
cago 22, TIL 

Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland 12, Ohio 


William, Willimantic, 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., 
Van Buren, Chicago 11, Ill. 
Stromberg-Carlson, A Div 
Dynamics Corp., 117 

Rochester 3, N. Y. 


1033 W. 


of General 
Carlson Rd., 


HEATING ELEMENTS and UNITS 


Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Ill. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 


Driver (Cc Wilbur B 1875 
Highway, Newark 4, N. J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 

Master Appliance Mfg. Co., Racine 2, Wis 
Still-Man Manufacturing Corp., 429-33 
E. 164th, New York 56, N. Y. 

Syntron Co., Homer City, Pa 

Vulcan Electric Co., Danvers 2, Mass 

Watlow Electric Mfg. Co., 1362 Ferguson 
Ave., St. Louis 14, Mo 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Wiegand Co., Edwin L., 
Blivd., Pittsburgh 8, Pa 


McCarter 


7530 Thomas 


HERMETIC SEALS. See Seals and Ter 
minals, Hermetic. 


HIGH-FREQUENCY HEATING UNITS 


Allis-Chalmers, Milwaukee 1, Wis 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 

Radio Receptor Co., Inc., Semiconductor 
Div., 240 Wythe Ave., Brooklyn 11, 
ae 

Westinghouse Electric Corp Gateway 
Center, Bldg., No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa, 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys 


HOLDERS, COMMUTATOR BRUSH 

Midwest Molding & Mfg. Co. 
tl 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. (Glass-Bonded Mica) 

Phoenix Electric Mfg. Co., 4211 W. Lake, 
Chicago 24, Ill 


, Gurnee 96 


IMMERSON HEATER UNITS, See Heat 
ing Elements and Units 


IMPACT EXTRUSIONS, ALUMINUM 


Hunter-Douglas Aluminum Corp., Dept 
EM-6, Riverside, Calif. 


IMPREGNATING COMPOUNDS. See Ce- 
ment, Insulating and Sealing; Waxes 
and Compounds 


INDICATORS, HEAT. See Thermometers 
INDICATORS, SPEED. See Tachometers 


INDUCTION HEATING. See High-Fre 
quency Heating Units 


INFRA-RED LAMPS. See Lamps, Incan 
descent and Infra-red 


INSTRUMENTS, ELECTRICAL MEAS- 
URING AND TESTING 


Acme Electric Corp., Cuba, N. Y. 

Aerovox Corp., New Bedford, Mass. 

Assembly Products, Inc., Chesterland 14 
Ohio 

Associated Research, Inc., 3794 Belmont 
Chicago 18, Ill. 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa 

Bristol Co., Waterbury 20, Conn. 

Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y. 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J 

Blectro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., Newport Beach, Calif 

Holub Industries, Inc., 445 Elm, Syca- 
more, Ill. 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill 

Industrial Instruments Inc., 89 Com 
merce Rd., Cedar Grove, Essex County, 
N J 

Industrial Test Equipment Co., 55 E. 11th 
New York 3, N. Y. 

Moseley Co., F. L., 409 N. Fair Oaks Ave. 
Pasadena, Calif 

National Pneumatic Co., Inc., Holtzer 
Cabot Div., 125 Amory, Boston 19, 
Mass 

Precision Apparatus Co., Inc., 70-31 84th 
Glendale 27, L. I., N. ¥ 

Radio Corp. of America, Dept. 0-44, Bldg 
15-1, Camden, N. J 

Sensitive Research Instrument Corp., 310 
Main, New Rochelle, N : 

Simpson Electric Co., 5200 W. McKinzie 
Chicago 44, Il. 

Southwestern Industrial Electronics Corp., 
P.O. Box 13058, 2831 Post Oak Rd., 
Houston 19, Texas 

Texas Instruments Incorporated, 6000 Lem- 








mon Ave., Dallas 9, Texas 

Triplett Electrical Instrument Co., Bluff- 
ton, Ohio 

Westinghouse Electric Corp., Gateway 


Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ml. 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic 


Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Berkeley Div. of Beckman Instruments, 
Inc., 2200 Wright Ave., Richmond 3, 
Calif 
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IDEAS IN THE MAKING...WITH ARALDITE EPOXY RESINS 


od e INSULATOR BODY 
of 


e NEW TYPE 
HIGH VOLTAGE BUSHING 
vacuum-cast in 

e ARALDITE® 
EPOXY-BASED RESIN 


Dimensionally accurate... 

Stronger and lighter than porcelain... 
With better impact strength... 

Cast with metal inserts. 






















PROBLEM: To cast internal stress control elect 
READY TO USE within the body of the termination on a simple 
AS CAST rapid production basis 
SOLUTION: ‘‘Epocast’’, an ARALDITE Epoxy-based 
ree SOON Les resin formulated by Furane Plastics, Inc., met the 
demanding design and production ‘‘specs’’ set by 
HIGH VOLTAGE CAP Components for Research, Inc., Palo Alto, Calif 
The basically excellent electrical and mechanica 
RS ATTACHED properties, high chemical/weather resistance 
ms 4 , ab TERED ea and the outstanding adhesive qualities .of 
ut } os ; -V. D.C. ARALDITE Epoxy resins may well hold the solvtio 
e.. : an 185 K.V. R.M.S. (260 K.V. PEAK) TEST for you, too! 


' - a BT i tit tide 
OP a ) z 


C 
LJ 





ES 
' * 


THERE’S MORE THAN MEETS THE EYE IN ARALDITE EPOXY 
RESINS. For all CIBA resins are checked not only for 
our rigid PRODUCTION quality control standards but the 
SPECIAL APPLICATION requirements of the user as well. 
The Technical Services of CIBA’s Plastics Division are the 
finest in the field. For full information on how CIBA Araldite 
Epoxies lead to product development and production im- 
provements, write... 


EM-6 


Rd. 
em- 
- CIBA COMPANY INC., Plastics Division 
way 
Kimberton, Pennsylvania 


wy- 


man Please send me full information on CIBA Epoxy Resins for O General 


~- 


: 0 Tooling O Structural Laminates ] Surface Coatings 
also 


phic 
Sub. 
aski 


0 


D Electrical O Hi-Strength Adhesives Plastic Body Solders 


pnts, 


NAME 


COMPANY oti ee 


Cc isa 
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ING 
ADDRESS 








CITY _STATE 








CUTOUTS 


I THE MULTI-UNION 
LINE IS THE ACCEPTED 
STANDARD OF 


INDUSTRY 


INDUSTRY DEPENDS 
ON MULTI FOR 


“ON TIME” 
DELIVERY 


WRITE FOR 
CATALOG 
TODAY. 












ened 


Interval 
Timers 


xs 





= 


Explosion- 


Proof 
Timers 





152 WEST WALTON STREET e 


400 


ELECTRIC MFG. INC. 


Peek eS 


Zenith Automatic Control 
Equipment provides a full 
line of the most accurate and 
reliable timing devices avail- 
able to industry. This preci- 
sion-engineered equipment 
features field-proven design, 
simple construction and. . 
most important 
completely dependable main- 
tenance-free service. 
Whatever your timing re- 
quirement... program, inter- 
val, reset, multiple circuit, 
process or explosion-proof... 
remember that Zenith is the 
recognized specialist .. . also 
day or calendar switches, au 
tomatic and remote control 
switches, con- 
tactors and all 
types of special 
electrical control 
equipment. 
Write for latest 
Bulletin 


See classified telephone 
directory for local distributor. 


. years of 


mater Teles 











Automatic 
Reset Timers 





Process 
Timers 





Multicircuit Timers 


CHICAGO 10, ILLINOIS 


Bristol Co., Waterbury 20, Conn 

h Electronics Ce Div. of Clevite 

rp., 3405 Perkins Ave., Cleveland 14 
Ohio 

Burroughs Corp Electronic Instruments 
Div., Dept. F, 1209 Vine, Philadelphis 
7, Pe 

D & R Ltd, 406 BE. Gutierrez, P. VU. Box 
1500, Santa Barbara, Calif 

Daven Co., 536 W. Mt. Pleasant Ave 
Route 10, Livingston, N, J 

Du Mont Laboratories In Allen B., 76( 
Bloomfield Ave., Clifton, N. J. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegrapt 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sait 
Div., Schenectady 5, N. Y. 

Industrial Test Equipment Co., 55 E. 11th 
New York 3, N. Y. 

Librascope, Inc., 808 Western Ave., Gler 
dale 1, Calif 

Magnetic Amplifiers Inc., 632 Tinton 
Ave., New York 55, N. Y. 

Radio Corp. of America, Dept. 0-44 
Bidg. 15-1, Camden, N. J 

Sanborn Co., Industrial Div., 175 Wyman 
Waltham 54, Mass. 

Simpson Electric Co., 5200 W. McKinzie 
Chicago 44, Ill. 

Southwestern Industrial Electronics Corp 
P.O. Box 13058, 2831 Post Oak Rd., 
Houston 19, Texas 

Triplett Electrical Instrument Co., Bluffton 
Ohio 

Weston Electrical Instrument Corp., A 

sub. of Daystrom, Inc., 614 Frelinghuy 

sen Ave., Newark 5, N. J. 





INSTRUMENTS, LABORATORY 
STANDARD 


Acme Electric Corp., Cuba, N. Y. 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc 5234 Pulaski 
Ave., Philadelphia 44, Pa 

Bristol Co., Waterbury 20, Conn 

Clarostat Mfg. Co., Inc Dover, N. H 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill 

General Electric Co Apparatus Sales 
Div., Schenectady 5, N. Y 

Moseley C« F. L., 409 N. Fair Oak 
Ave Pasadena, Calif 

Radio Frequency Laboratories, Inc., Boor 
ton, N. J 

Seott, H. H Dept. EM-5, 385 Putnam 

Cambridge, Mass. 

ensitive Research Instrument Corp., New 
Rochelle N Y 

Triplett Electrical Instrument Co., Bluff 
ton, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J 

Wheelco Instrument Div Barber-Colman 
Co., 1403 Rock, Rockford, Il 








Ss 





INSULATING MATERIALS. See follow- 
ing specific headings 
Cement, Insulating and Sealing 
Ceramics 
Cork and Cork Compositions 
Fabrics, Insulating 
Felt 
Fibre, Vulcanized 
Glass-Bonded Mica 
Insulation, Wire and Cable 
Mica, Molded and Laminated 
Paper, Insulating 
Plastics, Molding, Laminating, Casting 
and Extrusion Compounds 
Plastics, Sheets, Rods and Tubes 
Rubber and Rubber Products 
Silicones 
Sleeving and Tape, Asbestos 
Tape and Sheeting. Synthetic Resin 
Tape, Friction and Splice 
Tubing and Sleeving, Braided Fabric 
Tubing and Sleeving. Extruded Plastic 
Tubing, Paper 
Varnishes, Compounds and Resins, In- 
sulating 
Waxes and Compounds 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 

American Lava Corp., Chattanooga 5 
Tenn 

Dobeckmun Co., 3301 Monroe Ave., Cleve 
land 13, Ohio 

Dow Corning Corp., Midland, Mich 

du Pont de Nemours & Co., (Inc.), E. I 
Plastics Div., Polychemicals Dept 
Wilmington 98, Del 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Goodrich Chemical Co., B. F., 3135 Euclid 
Ave., Cleveland 15, Ohio 

Oronite Chemical Co., 200 Bush, San 
Francisco 4, Calif 

Sprague Electric Co., 307 Marshall, North 
Adams. Mass 


IRONS, SOLDERING. See Swidering 
Equipment 


ISOLATORS, VIBRATION and sHOCK 
See Mountings, Rubber and Syntnetic 


JEWEL LIGHT 
Lights, Pilot and Indicator 


KNOBS, CAPS and HANDLES, MOLDED 

Davies Molding ( Harry 1428 WN 
Wells, Chicago 10, Ill 

Dimco-Gray Co 210 E. 6th, Dayton 


Ohi« 
Kurz-Kasch, Ir 1419 S. Broadway, Day 
ton 1, Ohiec 


Midwest Molding & Mfg. Co., Gurnee 9¢ 
Ill 
Richardson Co., 2799 Lake, Melrose Park 


8027 N. Monticello Ave., 





ASSEMBLIES See 


LACQUERS, ENAMELS, PAINTS and 
VARNISHES, FINISHING 


Allied Research Products, Inc., 4004-06 
EB. Monument, Baltimore 5, Md 

Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa 

Dow Corning Corp., Midland, Mich. 
(Silicone Resins and Varnishes) 

du Pont de Nemours & Co., (inc.), BE I 
Finishes Dept., Wilmington 98, Del. 

Sherwin-Wiliiams Co., General Industriai 
Div., Cleveland 1, Ohio 


LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 

Baker & Co., Inc., 113 Astor, Newark 5 
N. J 

Brainin Co., C. S., 320 Washington, Mt 
Vernon, N. Y 

General Plate Div., Metals and Controls 
Cort 1906 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
38, N. Y 

Wilson Cx H. A., Route 22, Union, N. J 


LAMINATED PLASTICS. See Plastics 


LAMINATIONS, MOTOR and 
TRANSFORMER 


Magnetics, Inc., Box 391, Butler, Pa. 
Thomas & Skinner Inc., 1114 E. 2rd 
Indianapolis 7, Ind 


LAMPS, FLUORESCENT 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, INCANDESCENT and 
INFRA-RED 

General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse FElectric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, MERCURY VAPOR 

General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, MINIATURE (Pilot and Indi- 
cator) 


General Electric Co., Miniature Lamp 
Dept., Nela Park, Cleveland 12, Ohio 

Westinghouse EPlectric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


LAVA. See Ceramics 


LAYOUT FLUID 


Dykem Co., 2303F N. 11th, St. Louls 6, 
Mo 


LENSES, PRESSED GLASS 


Corning Glass Works, Technical Products 
Div., Corning, N. Y 
Kopp Glass, Inc., Swissvale, Pa. 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co., Van- 
deventer and Easton Aves., St. Louis 13, 
Mo 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electrie Co., 103 
Hawthorne, Hartford 6, Conn 

Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif. 

Crouse-Hinds Co., Syracuse 1, N. Y¥. 
Dialight Corp., 44 Stewart Ave., Brooklyn 
Ot, as Ee 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Il 

General Electric Co., Miniature Lamp 
Dept Nela Park, Cleveland 12, Ohio 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Hetherington Inc 1200 Elmwood Ave., 
Sharon Hill, Pa 

Johnson Co., E. F., 2331 Second Ave., 
S.W., Waseca, Minn. 

Pass & Seymour, Inc., Solvay Station, 
Syracuse 9, N. Y. 

Square D Co 4041 N. Richards, Mil- 
waukee 12, Wis 


LOCKNUTS and LOCK WASHERS. 


See Fasteners 


LUBRICANTS 


Alpha Molykote Corp., 65 Harvard Ave., 
Stamford, Conn 

Fluidwick Co., 5319 East Outer Dr., De- 
troit 34, Mich 

Shell Oil Co., 50 W. 50th, New York 20, 
s. = 


LUBRICATORS, OIL and GREASE 

Fluidwick Co., 5319 East Outer Dr., De- 
troit 34, Mich. 

Gits Bros. Mfg. Co. 1846 S. Kilbourn 
Ave., Chicago 23, Ill 

Madison-Kipp Corp., 201 Waubesa, Madi 
son 4, Wis 


LUGS and TERMINALS 


AMP Incorporated, 2100 Paxton, Harris- 
burg, Pa 

American Brass Co., Waterbury 20, Conn 

Buchanan Electrical Products Corp., 225 
Route 22, Hillside, N. J 

Burndy Corp., Omaton Div., 
Conn 

Cambridge Thermionic Corp., 
Ave., Cambridge 38, Mass. 


Norwalk, 


453 Concord 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


ENGINEERING NEWS #5 


THUMB-OPERATED 
“TOGGLE” 
CONTROLS 4 SEPARATE 


SWITCHES .'.\7¢N 
+ “N\A 


A NON-SNAP SWITCH 
FOR “KEYBOARDS” 


Developed specifically for the key- 
boards of electronic computers, cal- 
culators, and other business ma- 
chines, the Hetherington B5023 
gives the smooth, yet precise action 
necessary for fast manipulation. 
Operating pressure is a scant 4 
pound — just enough to retain the 
familiar keyboard “feel.” 

The versatile 2-circuit, momen- 
tary-contact circuitry of the B5023 
can also be used as SPST or SPDT. 
Recent tests have shown a life of 
better than 1.7 million operations at 
5 amps., 30 volts de. This is far 
greater than the conservative rating 
you'll find in Bulletin S-6 if you 
write for it. 


A familiar sight to helicopter 
pilots is this versatile Hethering- 
ton Type F441 Four-Way Switch. 
Here it is housed, along with other 
Hetherington Switches, in a hand- 
grip which fastens to the flight 
control stick. Moving the Switch’s 
thumb-type knob up or down, 
right or left, operates control 
motors for hoists or lateral trim. 


Housed in the 1-1/64” by 7/8” 
phenolic case of the F441 are 4 
separate momentary-contact 
switches arranged 90 degrees 
apart around the base of a thumb- 
controlled toggle lever. Normally, 
all switches are “open” and the 
toggle is centered. 


Usually the switch is mounted 
so that the lever projects through 


= New SWITCHLITES: 


,\ 
for “Human-Engineered” Panels 


Wherever switches and _ indicator 
lights are used on the same panel, 
Hetherington Switchlites can play a 
major part in improving panel legi- 
bility and operating convenience. 
For the pushbuttons of these com- 
pact snap-action switches contain 
their own built-in indicator lights 
for easy, direct association of switch 
and light functions. Moreover, they 
save greatly on panel space, wiring, 
installation and removal time. 


So many different Hetherington 
Switchlites are now available that 


only a few of their many features 
can be mentioned here: 

Switch Circuits: SPST, SPDT, DPST, DPDT, 
or 2-circuit. Up to 15 amps @ 28 v. de 
Snap-Action: Push, momentary ; Pull, momen- 
tary; Push-Pull, maintained; Push-Push, 
maintained ; Push-Pull, maintained with aux- 
iliary momentary on “push.” 

Lomp Circuit: Case ground or separate gnd. 
terminal. ‘“‘Hot’’ lead to separate terminal, 
thru main sw. contacts, or thru separate 
built-in sw. circuit. 6, 14, 18, 28 volt AN3140- 
type lamps. 

Pushbutton Lenses: 10 styles, each in 10 trans- 
parent or translucent colors. Lettering may 
be engraved on all. 


New Bulletin S-7 gives complete de- 
tails on all Hetherington Switchlites. 


a cloverleaf gate that restricts op- 
eration to one switch at a time. 
Without the gate however, any 
two adjacent switches may be 
closed simultaneously. The tog- 
gle may also be held outward and 
moved in an arc to actuate all 4 
switches in succession. 


Admittedly, the F441 Switch is 
rather specialized. However, it 
offers industrial users interesting 
opportunities to simplify equip- 
ment design and operation — by 
saving space, by ‘“foolproofing” 
critical circuits, or by making 
operations easier to understand. 

No bulletin is available on this 
switch as yet, but ratings and a 
dimension drawing will be sent 
on request. Ask about the F441. 


Soon! AT LEADING 


PARTS DISTRIBUTORS 


Need Hetherington products for 
prototypes, breadboard models, 
special projects, or small pro- 
duction runs? Most popular 
items will be available at your 
local electronic parts distributor 
in the very near future. 

For the name of your near- 
est parts distributor and bulle- 
tins of the Hetherington 
Switches, Indicator lights, and 
Switchlites he carries, write 
directly to: DIS TRIBU- 
TOR’S DIVISION, 
HETHERINGTON INC., 
26 Rittenhouse Place, 
Ardmore, Pa. 


HETHERINGTON INC. 1200 ELMWOOD AVE. SHARON HILL, PA. © 139 Illinois St., El Segundo, Calif. 


better switch 


engineering for a pushbutton world 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








“Moko both ends moe 


all your specifications 


* and the middle! 





with ROYAL Engineered 
Cord Assemblies 


If you have special power supply cord require- 
ments, Royal can engineer the right wire, the 
right type of attachment, or the complete assem- 
bly you need . . . for power tools, appliances, or 
other electrically powered equipment. Royal 
cords and assemblies are designed to meet 
highest quality standards, to save valuable pro- 
duction time, and to perform as reliably as the 
products they serve. 


Royal stock molds (caps, connectors, strain 
reliefs, etc.) are also available for molding in 
rubber, neoprene or vinyl to black or colored 
cords of our own manufacture. 


Catalog No. 5-56 illustrates our stock molds. 
Write for your copy! 






ASSOCIATE 


ROYAL ELECTRIC CORPORATION 


PAWTUCKET, RHODE ISLAND 


in California: ELECTRIC CORDS & SUPPLY CORP, 
413 E. 3rd St., Los Angeles 13 


Automatic Heat 
Control Cord, 
strain relief and 
end cap molded 
to Type HPN neo- 
prene 


HARRRERRHRRAS 
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} Control, Box 391, 





Hart Manufacturing €o., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Heyman Mfg. Co., Kenilworth 1, N. J 

lisco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 

Johnson Co., E. F., 2331 
S.W., Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill 

ttrueger & Hudepohl, 1043 
cinnati 4, Ohio 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, Ill 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 

Rajah Co., 35 
N. J 


Second Ave., 


Evans, Cin 


Verona Ave., Newark 4, 

Sealectro Corp., 610 Fayette Ave., Mama- 
roneck, N. Y. 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd, EAgin, Il 

Sherman Manufacturing Co., H. B., Bat 
tle Creek, Mich 

Thomas & Betts Co. Inc., 28 
Elizabeth 1, N. J 

Thompson-Bremer & Co., Sub 


Butler 


American 


Machine & Foundry Co., 514 N. Dear- 
born, Chicago 10, Ill. 

MACHINES. See specific headings 
Balancing; Coil Winding; Print; Rivet 
Setting; Strippers, Wire Vibration 
Test. 

MAGNETIC AMPLIFIERS 

Airpax Products Co., Middle River, Balti 


more 20, Md. 

Berkeley Div. of Beckman Instruments 
Inc., 2200 Wright Ave., Richmond 3 
Calif 

Butler, Pa. 
Delta-Star Div H K 

Inc., Lockport, Ill. 


Kseco Works 
Porter Co., 


General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Kearfott Co., Ine., 1378 Main Ave., 
Clifton, N. J 

Magnetic Amplifiers, Inc., 632 Tinton 


Ave., New York 55, N. Y¥ 
Vickers Electric Div., Vickers Inc., 1803 


Locust, St. Louis 3, Mo 
Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 


Pittsburgh 22, Pa 


MAGNETIC BRAKES. See Brakes. Mag 


netic 


MAGNETIC MATERIALS. See Steel Elec- 


trical; Magnets, Permanent; Magnetic 
Recorder Components; Powdered Metal 
Products. 


MAGNETIC RECORDER COMPONENTS 
Driver (ec Wilbur B 1875 
Highway, Newark 4, N. J 
Minnesota Mining & Mfg. Co., 
Products Div., 900 


McCarter 


Electrica! 
Fauquier Ave., St 


Paul 6, Minn. (Tape) 
Stromberg-Carlson, A Div. of Genera) 
Dynamics Corp., 117 Carlson Rd 


Rochester 3, N. Y. 


MAGNETIZERS and DEMAGNETIZERS 


Radio Frequency 
Boonton, N. J 


Laboratories, Inc 


MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, Ill 

Crucible Steel Co. of America, Chamber of 
Commerce Bidg., Pittsburgh 19, Pa. 

General Electric Co., Metallurgical Prod- 
ucts Dept 11131 E. 8 Mile Ave., De- 


troit 32. Mich 

[Indiana Steel Products Co Valpariso 
Ind 

Thomas & Skinner Inc., 1114 E. 23rd 


Indianapolis 7, Ind 
MAGNET WIRE. See Wire, Magnet 


MARKERS, IDENTIFICATION 

Brand & Co., Inc., William, Willimantic 
Conr 

National Band & Tag Co., Dept. 9-254 
Newport, Ky 

Natvar Corp., 207 Randolph Ave Wood- 


bridge, N. J 


MATERIALS HANDLING EQUIPMENT 


Continental-Diamond Fibre. A Sub. of 
The Budd Co., Newark 13, Del 


National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Robbins & Myers, Inc., Crane & Hoist 
Div Springfield Ohio 

Spaulding Fibre Co., Inc., Tonawanda 


N.Y. 


MERCURY RELAYS. 


See Relays 


MERCURY SWITCHES. See Switches 


METALLIZING EQUIPMENT 


Metallizing Engineering Co Inc 1118 
Prospect Ave., Westbury, L. I., N. ¥ 


METALS, LAMINATED. See 


Laminated 
Metals, Precious and Base 


METALS, PRECIOUS. See Gold 


nated Metals; Platinum; Silver 


Lami- 


METALS, PRE-PLATED. See Pre-Plated 
Metals. 


METALS, RARE 


Fansteel Metallurgical Corp 
cago, Ill 

Mallory & Co., Inc., P. R., 
6, Ind. 


North Chi 


Indianapolis 


Wilson Co., H. A 


Route 22, Union, N. J. 


METERS, HOUR 


Haydon Mfg. Co., Inc 
rington, Conn 

Hobbs Corp., John W., Div 
Warner Corp., 2078 Yale 





Elm, Tor- 


of Stewart- 
Bivd., Spring 


field, Ill 

Industrial Timer Corp., 1411 McCarter 
Highway, Newark 4, N. J. 

MICA, GLASS-BONDED. See Glass 


Bonded Mica 


MICA, MOLDED and LAMINATED 


(Sheets, Plate, Tape, Tubes, Rings, 
Segments, Washers, etc.) 
Brand & Co., Inc., William, Willimantic, 


Conn 

Continental-Diamond Fibre, A’ Sub. of 
The Budd Co Newark 13. Del 

Ford Radio & Mica Corp 936-540 63rd, 
Brooklyn, N. Y¥ 

General Electric Co., Laminated 
Dept., Coshocton, Ohio 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 
Macallen Co., Bay Rd., Newmarket, N. H 
Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Schenec 
tedy 1, N. ¥ 


Products 


New England Mica Co., Inc., 66 Woerd 
Ave., Waltham 54, Mass 

MICA UNDERCUTTERS 

Ideal Industries, Inc., 1008 Park Ave. 


Sycamore, Ill 


MICROPHONES 


American Microphone, Electronics Div 
Elgin National Watch Co., 370 S. Fair 
Oaks Ave., Pasadena, Calif 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Inc., Newark 13, Del 

General Electric Co., Apparatus 
Div., Schenectady 1, N. Y. 

Mica Insulator Co., Schenectady 1, N. Y¥ 


Sales 


MICROSCOPES 


Bausch & Lomb Optical Co., 
Paul, Rochestor 2, N. Y 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas 
tics; Rubber 


84717 St 


MOLYBDENUM—(Sheet and Wire) 


See also Contacts 

Fansteel Metallurgical Corp., North Chi- 
cago l 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 


MOTOR BASES, ADJUSTABLE 
Allis-Chalmers, Milwaukee 1, Wis 


Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicago 44, Ill 


MOTOR CONTROLS and STARTERS 


See Controllers, Motor; Push Button 
Stations 


MOTOR GENERATOR SETS 
Eseco Works, Delta Star Div., H. K 
Porter Co., Inc Lockport, Ill 


Kato Engineering Co., 128 Maxfield Ave. 
Mankato, Minn 


Leach Corp., Inet-Palmer Div., 4441 8 
Santa Fe Ave., Los Angeles 58, Cali? 


MOTORS and GENERATORS. See Motors 


Table on page 404 


MOUNTINGS, RUBBER and 


SYNTHETIC 
Johns-Mansville, Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, I 


MOVEMENTS, CLOCK and TIMING 


Haydon Co., A w. 234 North Elm 
Waterbury 20, Conn 
Haydon Mfg. Co., Inc., 

rington, Conn. 


2527 Elm, Tor- 


NAME and INSTRUCTION PLATES 

Croname, In 1769 
Til 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing. Wire) 


American Brass Co., 
(Cupro- Nickel) 
Chase Brass & Copper Co., Sub of Ken 
necott Copper Corp., Waterbury 20, Conn 
Driver Co, Wilbur B 1875 McCarter 

Highway, Newark 4, N. J 
Driver-Harris Co., Harrison, N. J 
Elgin National Watch Co., Micronics Div 

Elgin, Ill (Cobalt Nickel) 

General Plate Div., Metals and Controls 


Grace, Chicago 13 


Waterbury 20, Conn 


Corp., 1906 Forest, Attleboro, Mass 
International Nickel Co., Inc., 67 Wall 
New York 5. N. Y 
Penn Precision Products, Inc., 501 Cres 
cent Ave., Reading, Pa. (Strip) 
NICKEL-SILVED (Cont.) 
Revere Copper and Brass, Inc., 230 Park 


Ave., New York 17, N. Y 
Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc Riverside, N. J 
Somers Brass Co, Inc., 110 Baldwin Ave., 
Waterbury, Conn. (Strip) 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. (Strip) 
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DESIGN ENGINEER’S REPORT: 


“Superior Class B insulation 
at moderate cost.” 


Quality 


Designation 6100-003 


Dielectric Strength 
initial-V/Mail 


Short Time > 1000 


Dielectric Strength 
after 24 hrs. @ 
98% R.H => 90 

Dielectric Constant 
@2s°c 5.8 


Dissipation Factor 


0.035 
0.030 
0.025 
0.020 


6102-005 


ELECTRICAL PROPERTIES 


6103-010 61031 -020 6104-008 


> 500 ASTM D-295 
55ST (1/4" 


Electrodes) 


0.035 ° 0.040 0.045 ASTM D-150 
0.030 0 0.030 0.035 S4T 
0.025 ° 0.025 0.028 
0.020 0 0.020 0.025 


Table (above) details electrical properties of ‘‘Lecton’’ with various base fabric 
constructions, Photo (below) shows early stage in wiring stator of Century 
Electric Co, 300 Kw generator. All slots have been lined with .015 “*Lecton,”’ 
and worker is inserting coil windings. 


New “Lecton’™ assures uniform thickness, 
high mechanical and dielectric strength 


*‘We’ve found Du Pont’s ‘Lecton’ 
coated glass fabric gives us every- 
thing we want in a Class B slot lin- 
ing material,’’ reports Mr. Lloyd L. 
Evitts, design engineer at Century 
Electric Co., St. Louis. “‘‘Lecton’ has 
superior mechanical and dielectric 
strength and is remarkably uniform 
in caliper—a dependable .015”, roll 
after roll. Yet it costs us no more than 
the lining material we formerly used.”’ 

Century Electric has manufac- 


DU PONT INDUSTRIAL 
COATED FABRICS 


U.S. PaT OF 


BETTER THINGS 


LIVING . TH UGH CHEMISTRY 


tured motors and generators for over 
50 years.They first used “‘Lecton”’ in 
their 300 Kw generators (application 
shown above). As a result of their 
satisfaction with it there, they have 
since begun specifying it for their 
other lines, in many ratings and sizes. 

Du Pont produces ‘“‘Lecton”’ acryl- 
ic resin coated glass fabrics in a va- 
riety of forms and thicknesses. All 
are strongly resistant to refrigerants, 
oils, solvents and moisture, at tem- 


*“LECTON” is Du Po 


l am interested in using 


Name 


Please send me further inf« 


peratures up to 300°F. High humid- 
ity only slightly affects their dielec- 
tric strength. 


FOR COMPLETE DATA on properties 
of ‘““Lecton’’— for more information 
that may help you improve your de- 
signs with applications of “‘Lecton’’ 
—mail the coupon. If you manu- 
facture electrical equipment, let us 
know: we'll send you 2 sample of 
*“Lecton.”’ 


"s registered trademark for its acrylic resin coated fabrics. 


E. I. du Pont de Nemours & Co. (Inc.) Dept. EM-76 


Fabrics Division, Wilmington 98, Delaware 


mation about ‘‘Lecton’’ coated fabrics 


Lecton”’ fabric for 





Firm 





Address 
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INDUSTRIAL 


RETAINING RINGS 


SERIES 3100 


External rings 
(NAS 51) 
applied axially 

to shafts. 
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SERIES 3000 


Internal rings 
(NAS 50) 
applied axially 


into housings. 


SERIES 1000 


Open-type rings 
applied radially 
to shafts. 


Series 1000 rings 
may be ordered 
stacked for easy 
one-at-a-time 
dispensing. 


Write for FREE 
RING SAMPLES 
& ILLUSTRATED 
CATALOG... 


INDUSTRIAL 


RETAINING RING CO, 
57 Cordier Street, Irvington 11, New Jersey 


Originators of modern retaining ring dispensing 


MOTORS 


Miniature Timing Motors, Geared 





Subfraction, Under 1/20 Hp. 





Fractional, 1/20, % Hp. 


Integral, 1 to 734 Hp. 
Integral, Over 7% Hp. 


Gearmotors 


Generators 


Low Voltages (Under 110) 


Allis-Chalmers, Milwaukee 1, Wis, (KL- 
NOQRUVYZ) 

Allis Co., The Louis, Milwaukee 7, Wis. 
(KLNOQRUVYZ) 

Baldor Electric Co., 4353 Duncan Ave., 
St. Louis 10, Mo. (FGKLN) 

Barber-Colman Co, Dept. R, 1203 Rock, 
Rockford, [Jl. (BCEYZ) 

Bodine Electric Co., 2256 W. Ohio, Chi- 
cago 12, Ill. (ABCDEFGHIJQRTYZ&) 

Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis. (BCDE) 

Bristol Motor Div., Vocaline Co. of Amer- 
ica, Inc., Old Saybrook, Conn. (A) 

Century Electric Co., 1806 Pine, St. Louis 
3, Mo. (FGKLNOPQRUVWYZ) 

Controls Corp. of America, Soreng Div., 
oo Soreng Ave., Schiller Park, Il. 
{ ) 

Cramer Controls Corp., Box 8, 
brook, Conn, (A) 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Som- 
erville, N. J. (BCFHKNYV) (Servo) 

Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg, Wis. (FGKL) 

Eastern Air Devices, Inc., 383 Central 
Ave., Dover, N. H. (ABEFIJQTU) 
(Servo) 

Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth, Kenosha, Wis. (FKN) 

Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N. J. (Servo) 

Electric Specialty Co., 221 South, Stam- 
ford, Conn. (FGJKLMNOPUVWYZ) 

El Ray Motor Co., Inc., 11747 Vose, N. 
Hollywood, Calif. (BCQRZ) 

Emerson Electric Mfg. Co., St. Louis 21, 
Mo. (FGIKLMQR) 

Fasco Industries, Inc., Rochester 2, N. Y. 
(BCDFGHYZ&) 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y 
(BCDEFGHJKLMNOPQRSTUVWYZ&) 

General Industries Co., Dept. GL, Blyria, 
Ohio (BQYZ) 

Globe Industries, Inc., Dayton 4, Ohio 
(BC) 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20, Conn. (CXZ) 

Haydon Mfg. Co., Inc., 2527 Elm, Tor- 
rington, Conn, (ABCXYZ) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (BCDFZ) 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., Newport Beach, Calif 
(Servo) 

Holtzer-Cabot Motor Div., National Pneu- 
matic Co., Inc., 125 Amory, Boston 19, 
Mass. (ABCEFGHJQUVYZ) 


Center- 


Sales 





Ni < 


Howard Industries, Inc., 1760 State, 
Racine, Wis. (ABCDEFGHQRTUVYZ) 

Howell Electric Motors Co., Howell, Mich. 
(FGKLMNOPQRT) 

Jack & Heintz, Inc., 17°.) Broadway 
Cleveland 1, Ohio (FK) 

Janette Electric Mfg. Co., Morton Grove, 
Ill, (FGKLQRUYV) 

Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N. J. (Servo) (UY) 

Lamb Electric Co., Kent, Ohio (BCDEF 
GHJQRSZ) 

Leland Electric Co., Div. of American 
Machine and Foundry Co., Dayton 1, 
Ohio (FGKLNOUV) 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. (FGKLNOUV) 

Master Appliance Mfg. Co., Racine 2, 
Wis. (CDGH) 

Master Electric Co., Dayton 1, Ohio 
(FGJIKLMNOPQRTUVW) 

Motoresearch Co., 1600 Junction Ave., Ra- 
cine, Wis. (BQY) 

Oster Manufacturing Co., 
Div., Racine, Wis. 
(Servo and Synchro) 

Portable Electric Tools, Inc., 320 W. 83rd, 
Chicago 20, Ill. (GHL) 

Rae Motor Corp., 2009 Kewanee, Racine, 
Wis. (BCDFGHYZ&) 

Reliance Electric & Engineering Co. 24701 
Buclid Ave., Cleveland 17, Ohio 
(PGKLNOYV) 

Reuland Electric Co., 
(KNQ) 

Robbins & Myers, Inc., Motor Div., 
Springfield, Ohio (BCDEFGJKNU) 

Robertshaw-Fulton Controls O©o., Acro 
Div., Columbus 16, Ohio (B) 

Scruggs Co., Loyd, Festus, Mo. (BCD 
YZ&) 

Servomechanisms Inc., Mechatrol Div., 
625 Main, Westbury, L. L., N. Y. (Servo) 

Smith Corp., A. O., Electric Motor Div., 
Tipp City, Ohio (FKN) (Servo) 

Sterling Electric Motors, Inc., 5401 Tele- 
graph Rd., Los Angeles 22, Calif 
(FENQ) 

Sutton Corp., 0. A., Wichita, Kan. (BF) 

Technical Electronics Corp., 4060 Ince 
Blvd., Culver City, Calif. 

Ther Electric & Machine Works, 11A 8. 
Jefferson. Chicago 6, Ill. 

Transicoil Corp., Worcester, Montgomery 
County, Pa. (Servo) 

Westinghouse Electric Corp., Gateway 
Center Bldg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. (BCDEFGHJKLM- 
NOPQRSZ&) 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14, Mo. (FGKLNYZ) 


John, Avionie 
(BCFGHUVY&) 


Alhambra, Calif 
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NICKEL-SILVER (cont.) 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc Riverside, N J 

Seymour Manufacturing Co., 
Conn 


Seymour, 


NON-MAGNETIC IRON and STEEL 
See Steel, Stainless 


NUTS. See Fasteners. 


OHMETERS. See Instruments 
OILERS. See Lubricators, Oil and Grease. 
OSCILLATORS. See Instruments. 


OSCILLOSCOPES. See also Instruments. 
Blectronic; Recorders, Oscillographic. 


DuMont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., oe Sales 
Div., Schenectady 5, N. Y. 

Hughes Products, Electron Tube, Div. of 
Hughes Aircraft Co., International Air- 
port Sta., Los Angeles 45, Calif. 

RCA Electron Tube Div., Radio Corp. 
of America, Harrison, N. J. 

Simpson Electric Co., 5200 W. McKinzie, 
Chicago 44, Tl 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


PACKAGING. See Boxes and Crates; 
Containers, Packaging and Shipping. 


PACKINGS. See Gaskets. 


PAINTS. See Lacquers, Enamels 
and Varnishes, Finishing. 


Paints 


PALLADIUM. See Platinum and Plat- 
inum Products. 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 8. 
waukee 4, Wis 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Bristol Co., Waterbury 20, Conn. 

Clark Controller Co., 1146 E. 
Cleveland 10, Ohio 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

ingie Signal Corp., 202 20th, Moline 1, 


Eseco Works, 
H. K. 
General 


Second, Mil- 


152nd, 


Delta-Star Electrie Div., 
Porter Co., Inc., Lockport, Ill. 

Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Heinemann oo Co., 99 Plum, Tren- 
ton 2, N ° 

Square D Co., 4041 N. Richards, Mil- 
waukee 12, Wis. 

Ward Leonard Electric Co., 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co., 1408 Reck, Rockford, Tl. 


34 South, 


PANELS, DIAL. See Dials and Panels. 


PANELS, SHEET STEEL. See Sheet 
Metal Fabricators. 


PAPER, INDUSTRIAL 


Cottrell Paper Co., Inc., 88 Purchase, 
Fall River 1, Mass 

Hollingsworth & Vose Co., East Walpole, 
Mass. 

Mosinee Paper 
Mosinee, Wis. 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y 


PAPER, INSULATING 


Aeme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 18, Del. 
Cottrell Paper Co., inc., 88 Purchase, 

Fall River 1, Mass. 


Mills Co., Dept. EM, 
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this INDOX V magnet has the same field energy ..as this larger conventional ceramic magr af 


N EW, high energy Indox V ceramic permanent magnets 
.. they’re 3/2 times stronger than conventional ceramic magnets 


Indox V — another first from the research and develop- .. ideal for: 
ment laboratories of The Indiana Steel Products Com- 
pany — is available to magnet users immediately. This e D-C motors 


unique, new, magnetic material offers these important © Synchronous drives 
advantages... 


¢ Traveling wave tubes 
Indox V requires no critical materials. It is a highly ¢ High-fidelity loud-speakers 
oriented barium ferrite . . using inexpensive, noncritical, . 
raw materials that are constantly available. Shortages Eddy current drives 
in times of emergency cannot occur. * Tractive devices where size is important 
Indox V requires less space, weight to do same job. i eat 
Volume and weight comparisons show that the energy <, t 'fS  3N 
of Indox V far exceeds Indox I..and is comparable to 
Alnico V, the strongest permanent magnet material com- 
mercially available. 


Indox V offers high resistance to demagnetization. 
Indox V magnets can be designed for applications where 
extremely high demagnetizing forces exist . . without 
irreversible losses occuring. This means it can be used 
where other types of magnets have been impractical . . 
for example, in stators of medium-size electric motors 
where electromagnets are now being used. 


ENERGY PROOUCT—8d Hd « 10* 


NETIZING FORCE —H—OERSTEDS 
JUST PUBLISHED! This two-page data sheet gives detailed Comparison of demagnetization and energy product curve 


information on new high energy Indox V. Use this coupon for conventional Indox I ceramic magnets and the new, 
to request your copy. Ask for Bulletin 16-B-2 high energy Indox V magnets. 


THE INDIANA STEEL PRODUCTS COMPANY * VALPARAISO, INDIANA 


.. the world’s largest manufacturer of permanent magnets | | D | } | y 


Name 


my CRS 
in________________ 
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Zone State 
In Canada: The Indiana Steel Products Company of Canada Limited * Kitchener, Ontario 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





For Better Bench Mock-Up Tests . . . 


K ATO VARIABLE 


FREQUENCY 
MOTOR GENERATOR SETS: 


AUTOMATIC ADJUSTMENT 
MODEL 45 EPOT 


Fully automatic, variable fre- 
quency motor generator set 
adjusts 360 to 440 CPS. Gen- 
erator mounted controls include 
reset buttons, limit switch 
Motor and generator remain 
stationary. Varidrive pulley ad- 
justment controlled by small 


REMOTE 
CONTROL 


CONTROL PANELS 


Synchronous motor starter ‘| 
and generator controls in- 
cluding magnetic amplifier, 
voltage regulator in cabi- 
net. 


Remote control 

frequency ad- 

justment varies 
speed from 1080 to 1320 rpm., 
thus varying frequency. Bench 
mock-up test station may be 
located anywhere. 


MANUAL ADJUSTMENT 
MODEL 28XA08 


Easily adjusted by simple hand wheel con- 
trolling variable pitch pulley V-belt ar- 
rangement, This motor generator set gives 
45 to 60 cps output. Unit holds speed ac- 
curately Frequency meter on generator 
panel. Single phase generator speed varies 
from 1350 to 1950 rpm. 


60 CYCLE A. C. GENERATORS FROM 350 WATTS TO 500 KVA 


Builders of Fine Electrical Machinery Sinee 1928 Folder! 


KATO Engineering Company 


Write Today for 
It's New! 


128 MAXFIELD AVE. 
MANKATO, MINNESOTA 


SEV 3 


panel-mounting Unimax USMJ-1 
switch provides plunger-type 
SUF Or Lcle 


ACTUAL SIZE 


e@Extremely small panel - space 
necessary (less than 1” x 1%”). 


@Rating: 242 a. 30 v d-c. induc- 
tive; 4 a. 30 v d-c, resistive;°5 a. 
125/250 v a-c. 


@Reliable, precision, snap-act- 
ing, SPDT, fully-enclosed for use 
in small space. 


eTotal travel of actuator-button 
1/32”; 12 oz. operate-force, max. 


e@Furnished to meet commercial 
standards; can also be furnished 
for high-temperature use up to 
275°F. and to meet Military 
Specification MIL-S-6743. 


FREE DATA SHEET on all Unimax 
sub-miniature switches and actuators avail- 
able on request. 
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| Spaulding Fibre Co., 


Dennison Manufacturing Co., 300 Howard, 
Framingham, Mass. 
un Co., 3301 Monroe, eve! 

13, Ohio naa 

General Electric Co, Plastics Dept., 
Decatur, Ill. 

— & Vose Co., East Waipole, 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6. TL 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

| Sstno-Benovilie, Box 14, New York 16, 
Mica Insulator Co., A Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y. 

Mosinee Paper Mills Co., Dept. EM, 
Mosinee, Wis. 

National Vulcanized Fibre Co., Wilming- 
ton 98, Del 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

Tonawanda, 


Inc., 
N.Y. 


| West Virginia Pulp and Paper Co., 230 
Park Ave., New Pork 17, N. ¥. 


PAPER, 


| Syntron Co., 


| Dimco-Gray Co., 


PHOTOGRAPHIC 
REPRODUCTION 


Ozalid, A Div. of General 
Film Corp., Johnson City, N. 


Aniline & 
= 


PAPER, TRACING. See Tracing 
Film and Paper. 


Cloth. 


PARTS FEEDERS, SELECTIVE 
Homer City, Pa. (Vibrator) 


PERFORATED MATERIALS 


Harrington & King Perforating Co., 


Inc., 
5657 Filmore, Chicago 44, Ill 


PERMANENT MAGNETS. See Magnets, 
Permanent 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn. 
Chase Brass & Copper Co., Sub. of Ken- 

necott Copper Corp., Waterbury 20, Conn. 
Mallory & Co., Inc., P. R., Indianapolis 


6, Ind. 
Miller Co., Meriden, Conn. 

Penn Precision Products, Ine. 501 Cres- 
cent Ave., Reading, Pa. (Strip) 
Revere Copper and Brass, Inc., 230 Park 

Ave., New York 17, N. Y. 
Riverside-Alley Metal Div., H. K 
Co., Inc., Riverside, N. J 
Seymour Manufacturing Co., Seymour, 
Conn 


Porter 


PHOTOELECTRIC CELLS and TUBES 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Photoelectric 
Cells) 

General Electric Co., Electronic Component 
Div., Schenectady 5, N. Y. (Photoelectric 


Tubes) 

International Kectifier Corp., 1521 3B. 
Grand Ave., Hl Segundo, Calif. 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J 

Vickers Electric Div., Vickers Inc., 1808 


Locust, St. Louis 3, Mo. 


PHOTOELECTRIC CONTROLS 


Bristol Co., Waterbury 20, Conn. 

Genera! Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Mercoid Corp., 4201 Belmont Ave., 
41. m 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J 


Chicago 


PILLOW BLOCKS. See Blocks, Pillow. 


PINS, COTTER and LOCK. See Fasteners. 


PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics 


PLASTICS, MOLDERS, 
and FABRICATORS. 


American Insulator Corp., New Freedom, 


Pa. 
Anchor Plastics Co., Inc., 36-36 36th, 
306-I Stack, 


Long Island City 6, N. Y. 
1203 Rock, 


EXTRUDERS 


Auburn Manufacturing Co., 
Middletown, Conn. 

Barber-Colman Co., Dept. R, 
Rockford, Ill. 

Borden Co., Resinite Dept., 
Calif 

Brand & Co. 
Conn 
‘ontinental Can Co., Wil- 
mington 99, Del 

Continental-Diamond Fibre, a Sub. of The 
Budd Co., Newark 13. Del. 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 


land 9, Ohio 
Crane Packing Co., 6424 Oakton, Morton 
Grove, Tl 
Harry, 1423 N. 
210 E. 6th, Dayton 2, 
Ohio 


Davies Molding Co., 
Chicago 10, Ill. 

Erie Resistor Corp., Plastics Div., Erie, 

Pa 


Santa Barbara, 
. Inc., William, Willimantic, 


Conolite Div., 


Wells, 


| Formica Corp. Sub of American Cyanamid, 


| Gries 


4521-7 Spring Grove Ave., Cincinnati 32, 
Ohio 
Co., 
Ii. 


General 
Decatur, 
Reproducer Corp., 
New Rochelle, N. 


Electric Plastics 


149 
a 


Dept. 


Beechwood 
Ave., 


325 Pearl, 


Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

Kuhn & Jacob Molding & Tool Oo., 
Southard, Trenton 8, N. J. 

Kurz-Kasch, Inc., 1419 8. Broadway, Day- 
ton 1, Ohio 

Melee Co., O. J.. New York 38, 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenee- 
tady 1, N. Y. 

— Molding & Mfg. Co., Gurnee, 96, 

1 

eens Vulcanized Fibre Co., Wilmington 
99, Del 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

Nosco Plastics, Inc., Erie 4, Pa. 

Phalo Plastics Corp., Commercial & Foster, 
Worcester 8, Mass. 

Raybestos-Manhattan, Inc., Plastic Prod- 
ucts Div., Manheim, Pa 

Resistofiex Corp., Roseland, N. J. 

onan Co., 2799 Lake, Melrose Park, 
IL. 

Rogan Brothers, 8027 N. 
Skokie, Ill. 

Rostone Corp., 


Monticello Ave., 
123 8. Earl Ave., Lafayette, 
Inc., Joseph T., Chicago 


Sparta Manufacuring Co., Div. of United 
States Ceramic Tile Co., Dover, Ohio 
Spaulding Fibre Co., Inc., Tonawanda 


Sylvania Electric Products, Inc., 
Broadway, New York 19, N. Y 

Synthane Corp., 17 River Road, Oaks, Pa 

Taylor Fibre Co., Norristown, Pa. 

United States Gasket Co., Plastics Div. of 
al aac Packing Co., Camden 1, 

Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 
Pittsburgh 30, Pa 


1740 


Gateway Cen- 
Liberty Ave., 


PLASTICS — MOLDING, LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 


Alkyd Molding Compound 
Cellulose Acetate 
Cellulose Nitrate (K) 
Diallyl Phthalate (X) 
Epoxy Resins (U 
Ethyl Cellulose (B) 
Fluorocarbons (P) 
Melamine Formaldehyde (Cc) 
Methyl Methacrylate (D) 
Nylon (G) 
Phenolics (BE) 
Plastisols, Vinyl (1) 
Polyethylene (Ht) 
Polyester Resins (Q) 
Silicone Resins (Ss) 
Styrenes (F) 
Urea Formaldehyde (J) 
Vinyl Acetal (L) 
Vinyl Alcohol (K) 
Vinyl Chloride (Vv) 
Viny!-Chloride- 
Vinylidenechloride 

Vinyl Chloride Acetate 
Vinylidene Chloride 


(T) 
(A) 


w) 
(M) 
(N) 


Borden Co., 
Calif. 
Celanese Corp. of America, 
Ave., New York 16, N. Y. 
Ciba Co., Inc., Plastics Div., 

Pa. (U) 


Resinite Dept., Santa Barbara 

180 Madison 
(A) 
Kimberton, 


Dow Chemical Co., Midland, Mich. (IF) 

Dow Corning Corp., Midland, Mich. (8) 

du Pont de Nemours & Co. (Inc.), E. I 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del. (ADGKLPR) 

Durez Plastics Div., Hooker  Electro- 
chemical Co., 1306 Walck Rd., N. Tona- 
wanda, N. Y. (E) (Casting Resins) 

Eastman Chemical Products, Inc., 
Madison Ave., New York 16, N. Y. 

General Electric Co., Plastics Dept 
Decatur, Ill. 

Glastic Corp., 4323 Glenridge Rd., Cleve- 
land 21, Ohio (Q) 

Goodrich Chemical Co., B. F., 3135 Buclid 
Ave., Cleveland 15, Ohio (INVW) 

Houghton Laboratories, Inc., 140 Houghton 
Ave., Olean, N. Y. (U) 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Tl 

Koppers Co., Inc., Chemical Div., Koppers 
Bidg., Pittsburgh 19, Pa. (FH) 

Marbon Chemical Div. of Borg-Warner, 
Gary, Ind. (F) 

Minnesota Mining & Mfg. Co., Electrics! 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn 

Monsanto Chemical Co., Plastics 
Springfield 2, Mass. (CEFV) 

Plastics Engineering Co., 1607 Geele Ave., 
Sheboygan, Wis. (E) 

Resistofiex Corp., Roseland, N. J. (P) 

Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, Ill. (CEJ) 

Rostone Corp., 123 8. 
Ind. (H) 

Shell Chemical Corp. 
380 Madison Ave., 


260 
(AH) 


Div., 


Earl Ave., Lafayette, 
Chemical Sales Div., 

New York 17, N. Y 
(U) 


Inited States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1, 
no @ 


PLASTICS, SHEETS, RODS and TUBES 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. (Di- 
electric Sheets) 

Borden Co., Resintte Dept., 
Calif 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 

Continental Can Co., Conolite Div., 
mington 99, Del. 

Continental-Diamond Fibre. A Sub. of The 
Budd Co., Newark 13, Del. 


Santa Barbara 


Wil- 
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MEDIUM DUTY 
pres-SURE-blocks 
(Direct Mounting) 


MEDIUM DUTY 
pres-SURE-blocks 
(Channel Mounting) 


HEAVY DUTY 
pres-SURE-blocks 
(Direct Mounting) 


HEAVY DUTY 
pres-SURE-blocks 
(Channel Mounting) 


“ONE PIECE” 
Terminal Blocks 


AN type 
TERMINAL STRIPS 


IN CANADA / 


12 Gower St., 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Gasaccumulator Co. 


--for your 
TERMINAL BLOCK 


Requirements 


SECTIONAL pres-SURE-blocks 
(For #22 thru #4 wire—750 volts) 


Medium Duty: #22-/8, contacts on /s” centers 
Heavy Duty: #18-#4, contacts on %” centers. 


Any number of circuits,— assembled without fastening hard- 
ware 


Complete blocks or separate sections 
Direct or channel mounted 
Integral or separable marking strips 


Contacts for stripped or terminal-ended wires 


“ONE PIECE’ TERMINAL BLOCKS 
(For #16 thru #6 wire—7 50 volts) 


Contacts on %” centers 4, 6, 8, or 12 circuits. 
Screw, thumb screw, Or hinged covers 
Contacts for stripped or terminal-ended wires 


Jumper Bars available. 


AN type TERMINAL STRIPS 


Per AN3436 or other government or commer- 
cial specifications 

#6 studs on '%2” centers, 1-20 ckts. 

#8 or #10 studs on %4” centers, 1-16 ckts. 


V4", Ye” or ¥e” studs on 1/2” centers, 1-8 ckts. 


M-6 


ecu BR ph ee 
% 7 


ELECTRICAL PRODUCTS 
CORPORATION 
HILLSIDE, NEW JERSEV 


Write for Bulletin 


(Canada) Ltd. 


Toronto 16, Ontario 





Cover up rough screw ends 
for safety and better appearance 


Dress up assemblies - 
prevent scratching 
and catching 
by using 

low-cost 


way 


eel aid 


ACORN TYPE 
LOCK NUTS 


UT 


Cost less than ordinary types 
-- assemble faster 
-- assure tight parts 


Available in 
410 STAINLESS 
BRIGHT HARDENED 


for uses requiring 
high corrosion-re- 
sistance. 

Also spring tem- 
pered steel in cad- 
mium, zinc, brass, 
nickel and chrome 
finishes. 


The low cost of PALNUT Acorn 
Lock Nuts permits you to make 
drastic cuts in the cost of present 
acorn nuts—and to make wider 
use of acorn nuts on exposed screw 
ends throughout your products. 


The self-locking spring action of 
PALNUTS keeps parts tight under 
vibration. Specially designed mag- 
netic wrenches provide fast power 
tool assembly. Made in a wide 
choice of materials, finishes and 
standard screw thread sizes. 


Magnetic Socket Wrenches 


Pick up, start and tighten 
nut in one high-speed 
operation. Fit all standard 
manual and power tools. 


Left: 


PALNUT Acorn Nut se- 
curely fastens fan blades 
to shaft of electric fan. 


@ Also used on crisper drawers, hinges 
of washers and dryers, exposed fasten- 
ings of built-in ovens, etc. 


e@ Write for free samples, stating size, material, finish 


THE PALNUT COMPANY 


Subsidiary of United-Carr Fastener Corporation 


66 Glen Road, Mountainside, N. J. 
In Canada: P. L. Robertson Co., Ltd., Milton, Ont. 


Formica Corp., A Sub. 
Cyanamid, 4521-7 
Cincinnati 32, Ohio 

General Electric Co., 
Decatur, Ill. 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Glastic Corp., 4312 Glenridge, 
17, Ohio 

Houghton Laboratories, Inc., 140 Houghton 
Ave., Olean, N. Y. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Mica Insulator Co., Schenectady 1, N. Y. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del, 

Resinite Corp., Div. 
Tube Co., 6980 


of American 
Spring Grove Ave., 


Plastics Dept., 


Cleveland 


of Precision Paper 
North Central Park, 
Chicago 45, I11 


Resistotiex Corp., Roseland, N. J. 
Ryerson & Son, Inc., Joseph T., Chicago 8, 
Ih. 
Spaulding 
= 
Taylor Fibre Co., 
U. 8S. Rubber Co., 
Chicago 39, Ill. 
Westinghouse Electric Corp., 
ter, Bidg. No. 3, 401 
Pittsburgh 30, Pa. 


Fibre Co., Inc., Tonawanda, 
Norristown, Pa. 
2638 N. Pulaski Rd., 
Gateway Cen- 
Liberty Ave., 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts. 


American Platinum Works, 231 New Jer- 
sey Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5, 
N, J 

Brainin Co., C. S., 318 Washington, Mt 
Vernon, N. Y 

General Plate Div., Metals and Controls 
Corp., 1906 Forest, Attleboro, Mass, 

Handy & Harman, 82 Fulton, New York 
38, N. Y. 

Ney Co., J. M., P.O. Box 990, Hartford 1, 
Conn 

Wilson Co., H. A., Route 22, Union, N J 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Ill. 


PLUGS and JACKS, COMMUNICATION 


Richards Electrocraft, Inc., 3747 N. Ked- 
zie Ave., Chicago 18, II. 

Switchcraft, Inc., 1828 N. Halsted, Chicag 
22, Ill. 


PLUGS and RECEPTACLES 


Amphenol Electronic Corp., 
Ave., Chicago 54, Ill 
Arrow-Hart & Hegeman Electric Co., 
Hawthorne, Hartford 6, Conn. 
Automatic Electric Sales Co., 
Van Buren, Chicago 7, Ill. 
Belden Mfg. Co., 4633 W. Van 


Chicago 44, Ill. 

Cannon Electric Co., Dept. 500, 
Humboldt, Los Angeles 31, Calif. 

Circle F Mfg. Co., Trenton 4, N. J. 

Constantin & Co., L. L., Route 46, Lodi, 
N. J. 

Cornish Wire Co., 50 Church, 
zoe. J, Mm. xX. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Johnson Co., E. F., 2331 Second Ave., 
S. W., Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago %, Ill. 

Molex Products Co., Brookfield, Ill 

Pass & Seymour, Inc., Solvay Station, Syra- 
cuse 9, N. Y. 

Royal Electric Corp., Pawtucket, R. I! 

Stromberg-Carlson, A. Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 8, N. Y. 


1830 S. 54th 
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3209 


Inc., New 


PNEUMATIC TOOLS and EQUIPMENT 


Gardner-Denver, Keller Tool Div., Grand 
Haven, Mich. 


PORCELAIN. See Ceramics. 


POSTS, BINDING 
Littelfuse, Des Plaines, Ill 


Superior Electric Co., 803 Middle, Bristol 
Conn 


POTENTIOMETERS. See also Rheostats 


Ace Electronics Associates, Dept. EM, 101 

Dover, Somerville 44, Mass 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis 

Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis 

Bourns Laboratories, P. O. Box 2112 
Riverside, Calif 

Clarostat Mfg.. Co., Inc., Dover, N. H. 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N, J 

Gisnniet & Co., Inc., G. M., Pasadena 1, 
Calif. 

Helipot Corp., Div. of Beckman Instru 
ments, Inc., Newport Beach, Calif 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie, Tl 

Stackpole Carbon Co., St. Marys, Pa. 

Transicoil Corp., Worcester, Montgomery 


County, Pa. 

Weston Blectrical Instrument Corp., A Sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


POTS and LADLES, MELTING 

General Electrical Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Vulcan Hlectric Co., Danvers 2, Mass. 


POWDERED METAL PRODUCTS. See 
also Bearings and Bushings; Contacts. 
Amplex Div., Chrysler Corp., Detroit 31, 
Mich. 

Gibson Electric Co., 
Pittsburgh 21, Pa 

Mallory & Co., Inc., P. 
6, Ind 

Radio Cores, Inc., 9546 Tulley Ave., Oak 
Lawn, Ill. (Iron Cores) 

Stackpole Carbon Co., St. Marys, Pa 

United States Graphite Co., 1621 Holland 
Saginaw 8, Mich 


8349 Frankstown Ave. 


R., Indianapolis 


POWDERS, METAL 


American Platinum Works, 231 New Jer- 
sey Railroad Ave., Newark 5, N. Y. 

Handy & Harman, 82 Fulton, New York 

38, N. ¥ 

New Jersey Zing 
38. N. Y. (Brass, 
Zinc) 


Co., 


160 Front 
Bronze 


New York 
Copper and 


POWER SUPPLY UNITS 

American Television & Radio Co., 
1, Minn 

Electro Products 
N. Ravenswood 

Fansteel Metallurgical 
cago, Ill 

Mallory & Co., 
Ind 

Servomechanisms Ine., Mechatrol Div., 625 
Main, Westbury, L, I N. ¥ 

Superior Electric Co., 803 Middle, Bristol 
Conn 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas $, Texas. 


St. Pau) 


Inc., 4501 
Chicago 40, TIL 
Corp., North Chi- 


Laboratories, 
Ave, 


Inc., P. R., Indianapolis 6, 


PRE-PLATED 
Brass, 
Strip) 

American Nickeloid Co., Peru 8, 

Superior Plectric Co., 803 Middle, 
Conn 


METALS 
Copper, Steel, Zinc, 


(Aluminum, 
Sheet and 


ml 
Bristol 


PRINT MACHINES 


Ozalid, A Div. of General Aniline & Film 
Corp., Johnson City, N. Y 


PUMPS 


Allis-Chalmers, Milwaukee 1, Wis 

Bendix Aviation Corp., Scintilla Div 
ney, N. Y¥ 

Robbins & Myers 
field. Ohio 


, Sid- 
In., Pump Div., Spring 


PUSH BUTTON STATIONS 
Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4, Wis 
Allis-Chalmers, Milwaukee 1, Wis. 
Arrow-Hart & Hegeman Electric Co., 
Hawthorne, Hartford 6, Conn. 
Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, Ill 
Clark Controller Co., 1146 EB. 152nd, Cleve- 
land 10, Ohio 
Crouse-Hinds Co., Syracuse 1, N. Y. 
Cutler-Hammer Inc., 1264 St. Paul Are., 


Milwaukee 1, Wis. 
fpossates Sales Div.. 


General Blectric Co., 
Schenectady 5, N.Y. 

Micro Switch, A Div. of Minnespolis- 
Honeywell Regulator Co., Freeport, Ill 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Stromberg-Carison, A Div 
Dynamics Corp., 117 Carlson Rad. 
Rochester 3, N. Y. 

Ward Leonard Blectric Co., 34 South, 
Mount Vernon, N. Y 

Westinghouse Electric Corp., Gateway Cen- 
ter Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 
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PY ROMETERS 


Assembly Products, 
Ohio 

Bristol Co., Waterbury 20, Conn. 

Weston Electrical Instrument Corp., A Sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelco Instrument Div., Barber-Colmap 
Co., 1403 Rock, Rockford, Tl. 


QUARTZ, FUSED 


Amersil Co., Inc., 685 Ramsey Ave., Hill- 
side 5, N. J. 


Inc., Chesterland 14, 


REACTORS. See Transformers 


RECORDER COMPONENTS, 
IC. See Instruments. 


RECORDERS, COMPUTER. See Instru- 
ments, Electronic. 


RECORDERS, GRAPHIC 
See Instruments 


RECORDERS, OSCILLOGRAPHIC 

Brush Electronics Co., Div. of Clevite 
Corp., 3405 Perkins Ave., Cleveland 14, 
Ohio 

Midwestern Instruments, 41st and Sheridan 
Ra Tulsa Okla 

Sanborn Co., Industrial Div., 
Waltham 54, Mass. 


MAGNET- 


175 Wyman 


RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp., Rectifier Div.. 
North Chicage, Ill. (Selenium) 

Federal Telephene and Radio Co., Div. of 
International Telephene and Telegrapb 
Corp., 100 Kingsiand Ra., Clifton, N. J 

General Electric Ce., Apparatus Sales Div., 
Schenectady 5, N. Y. (Selenium, Copper 
Oxide Industrial Germanium) 

General Electric Co., Semiconductor 
Products, Electronics Park Syracuse 
Ra eo (Germanium, Silicon) 

Hoffman Semiconductor, Div. of Hoffman 
Electronics Corp., 930 Pitner Ave., 
Evanston, Ill, 
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THE TREND 


IMPERIAL, 


TRAGING CLOTH 


TAP LIFE INCREASED FROM 
15 PIECES TO 400 PIECES... 


with MOLYKOTE® 
LUBRICANTS 


Tapping laminated steel is a tough 
problem! A Cleveland engineering company 
tried soluble oils and sulfurized cutting oils 
without success. Lard oil produced 10 or 15 
pieces per tap. The addition of one part 
MOLYKOTE, Type M-55, to 15 parts of pure 
lard oil sent the Production figure to 400 
pieces per tap. (Field Report 38) 

And look at these results from enthu- 
siastic MOLYKOTE users... 

. lengthened die life 10 times in cold 
forming of stainless steel locknuts. 
(Field Report 18) 

. Increased die life 80% informing hot 
rolled, 24 gauge, and cold rolled, 16 
gauge steel. (Field Report 18) 

. reduced swaging operation from 10 
to 4 strokes. 

. extended run of stainless steel pieces 
from 10,000 to 20,000 before re- 
finishing dies. (Field Report 18) 

Unusual? Not with MOLYKOTE Lubri- 
cants. Our Field Reports are filled with 
spectacular solutions to tough lubrication 
problems. Send for copies today . . . but be 
sure to mention your application. 


THE ALPHA MOLYKOTE CORP. 


Main Factories: 65 Harvard Avenue, Stamford, Conn. 
71 Arnulfstrasse, Munich 19, Germany 


CTH oc 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


PANEL SPACE LIMITED ? SPECIFY 


(DIALCO) meal 


TT) tlhe 
Pilot Lights 


COMPACT 
RUGGED 


OMNIDIRECTIONAL 
PLASTIC DOMES 


COMPLETELY 
INSULATED 


UCM h cel eb) 
with ‘‘Taper-Tab’’ 
quick-connect 
CTT 


LT 1OL 
of panel 
baa ate 


or 

FRONT 

of panel 
insertion , 


Dimming 
and 
<j Non-dimming 


1-Terminal 
Pilot Lights 


for use on grounded 
circuits. Available 
with binding screw 
or soldering terminal. 


DIALCO’s expanded line of sub-miniature lights conform 
to all applicable Mil Specs. Use T-134 midget incandescent 
lamps—1.3 to 28 V. Spring mounted Lens-with-Message 
is readily positioned after installation... Mount from back 
of panel in 15/32” clearance hole; or from front of panel 
in 17/32” hole...7 lens colors...Shown approx. actual 
size (top to bottom): No. 134-3830-375-6... No. 101-3830- 
951...No. 101-5030-951...No. 109-3830-111...No. 111- 
3830-111...No. 107-1930-951. 
Complete details in Brochures L-156 A and L-157. 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


Foremost Manufacturer of Pilot Lights 


DIALIGH 


CORPORATION 


; DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y 


‘ (J Send brochures on Sub-Minictures [J Selection Oo Pilot Light 
1 Brochure Catalogues 


' 

1 Name Position 
' 

: Company 





SPECIFY STA- 


® 


SELF-INSULATED TERMINALS! 


Take advantage of 
e lowest installed cost 
® pressure-connector permanence 
e self-insulated safety 


This complete line of self-insulated Sta-kon terminals gives 
you positive assurance against accidental contact by adja- 
cent terminals. Easier-than-ever to install, they provide 
highly conductive joints .. . large contact areas .. . tough, 
stable Nylon insulation ... anda permanent, vise-like grip 
on the conductor. Color-coded by size for instant identifica- 
tion. Three sizes of terminals will accommodate #22 through 
#10 AWG sizes. Available in ring and fork tongues, as well 
as special styles. Write for our NEW Bulletin 82, showing 
the complete line of Sta-kon terminals, connectors and 
installing tools. 


THE THOMAS & BETTS CO. 


INCORPORATED 
28 Butler Street, Elizabeth 1, New Jersey 


THOMAS & BETTS LTD., Montreal, P. Q., Canada 
MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 


ACTUAL SIZE 


A RELAY that flies with 
NIKE 


15 G UP TO 2000 CPS 


DIMENSIONS 
15/32” dia. x 1-3/4 


WEIGHT 
7/8 oz. 


OPERATING POWER 


500 MW Max. (This 
relay is available for 
power requirements as 
low as 100 MW but 
with slightly less vi- 
bration resistance.) 


lon 
Limited quantity 8 


of model shog 
samples available 
Submit your speci 
fications and re 
quirements with 


your inquiry 


Photo 
Nike installations, 


courtesy Western 


VIBRATION 
RESISTANCE 


15G up to 2000 CPS 


Electric Company 


SIGNALS 


Pwan Sa LONG BRANCH, N. J. 


44 7) AY 


International 1521 E 
Grand Ave 


(Selen 
lum 


International Resistance Co., 401 N. Broad 
Philadelphia 8, Pa 

Mallory & Co., Inc., P. R., 
¢ Ind, (Magnesium-Copper Sulphide) 

Radio Receptor Co., Inc., Semiconductor 
Div., 240 Wythe Ave., Brooklyn 11, N. Y¥ 

Sarkes Tarzian, Inc., Rectifier Div., Dept 
M-1, 415 N. College Ave., Bloomington 
Ind 

Syntron Co., Homer City, Pa. 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. (Selenium) 
Tranisitron Electronic Corp., Wakefield, 

Mass. (Silicon) 

Union Switch & Signal Div 
Air Brake Co., 
(Selenium) 

Vickers Electric Div Vickers Inc., 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


Rectifier Corp 
EL Segundo, Calif 


Indianapolis 


Westinghouse 
Pittsburgh 18, Pa 


1803 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1 
Amperite Co., Inc., 561 
York 12, N. Y¥ 
Eitel-McCullough, Inc., San Bruno, Calif 
Electrons, Inc., 127 Sussex Ave., Newark 3, 
N. J 
General Electric Co 
Schenectady 5, N 
RCA Blectron Tube Div Rad Corp, of 
Ameri Harrison, N J 
Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 
Pittsburgh 30, Pa. 


Wis 


Broadway, New 


Apparatus Sales Div.. 
Y 


Gateway Cen 
Liberty Ave 


REGULATORS, 
Controllers, 


MOTOR SPEED. See 
Motor. 


REGULATORS, 
Thermostats 


TEMPERATURE 


REGULATORS, VOLTAGE. See 


Transformers, Variable Voltage. 


Acme Electric Corp., Cuba, N. Y 

Allis-Chalmers, Milwaukee 1, Wis. 

Amperite Co., Inc., 561 Broadway, 
Ten 23. HN. 

Curtiss-Wright Corp., Carlstadt, N. J 

Eseco Works, Delta-Star Div H. K 
Porter Co., Inc., Lockport, Ill 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y¥ 

R-B-M “‘Control’’ Div., Essex Wire Corp., 
Logansport, Ind. 

Sola —— Co., 4633 W 
50, Til 

Standard Electrical Products Co., 2240 E 
Third, Dayton 3, Ohio 

Superior Electric Co., 803 Middle, Bristol. 


Conn 
Vickers Electric Div., Vickers Inc., 1808 
Louis 3, Mo. 


New 


16th, Chicago 


Locust, St. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RELAYS and CONTACTORS 


AEMCO, Inc., 50 State, Mankato, Minn. 

A G’ A Div. of Elastic Stop Nut Corp 
of en 1027 Newark Ave., Elizabeth 
3. N. 

Adams & Westlake Co., Elkhart, Ind 
(Mercury) 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Allied Control Co., Inc.. 2 East End Ave.. 
New York 21, N 

Allis-Chalmers, Milwaukee 1, Wis 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc. 
Rd., Des Plaines, Ill 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

— Products, Inc., Chesterland 14, 
Ohio 

Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, II. 

Automatic Switch Co., 50-M Hanover Rd 
Florham Park, N. J. 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa 

Barber-Colman Co., Dept. Q 
Rockford, IIL 

Bristol Co., Waterbury 20 

Bristol Motor Div., 
America, Inc., Old 
(Time Delay) 

Clare & Co., C. P., 
Chicago 45, Ml 


9777 
aiid 


Mannheim 


1803 Rock 
Conn. 

Vocaline Co. of 
Saybrook, Conn 


3101 Pratt Bivd., 
Comar Electric Co., 3349 W. Atddison, 
Chicago 18, Il. 


Cramer Controls Corp., Box 8, Centerbrook, 
Conn. 

Curtiss-Wright Corp., Carlstadt, N. J. 
(Time Delay) 

Cutler-Hammer Inc., 1264 St. 
Milwaukee 1, Wis 

Durakool, Inc., Elkhart, Ind. (Mercury) 

E-T-A Products Co. of America, 5085 N 
Elston Ave., Chicago 50, Ill 

— atone Watch Co., Electronics Div., 
Slgin, l 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telgraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Filtors. Inc., 30 Sagamore Hill Dr., Port 
Washington, L. I., N. ¥ 

G-V Controls Inc., 8 Hollywood Plaza, 
East Orange, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Guardian Electric, 
Chicago 12, Ill. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Haydon Co., A. W., 234 N. 
bury 20 Conn 

Haydon Mfg. Co,. Ine., 2527 Elm. Tor- 
rington, Conn 

Heinemann Electric Co., 99 Plum, Trenton 
2, N. J. (Time delay) 


Paul Ave., 


1627-F W. Walnut. 


Eim, Water- 


Co 79 
(Magnetic 


Kellogg Switchboard and Supply 
W. Monroe, Chicago 3, Ill 
Impulse 

Lakewood Controls Corp., 264 E 
Crystal Lake, Ill : 

Leach Corp., Leach Relay Div., 5915 Ava 
lon Blvd., Los Angeles 3, Calif 

McGraw-Edison, Thomas A. Edison Ind 
trie Instrument Div Roseland, N 

McQuay-Norris Manufacturing Co 
Marconi, St. Louis 10, Mo 

Magnecraft Electric Co., 3352 W 
Ave.. Chicago 51, Ill 

Mercoid Corp., 4201 Belmont Ave 
41, Il 

Ohmite Manufacturing Co., 
Skokie, Il 

Phillips Control Corp., 59 W. Washingtor 
Joliet Til 

Potter & Brumfield Mfg. Co., Inc., Sut 

f American Machine & Foundry Co 
Princeton, Ind 

Price Electric Corp., 
rick, Md 

R-B-M ‘‘Control’’ Div., 
Logansport, Ind 

RCA Electron Tube Div 
America, Harrison, N. J 

Sigma Instruments Inc 60 
Braintree 85, Mass 

Square D Co., 4041 N 
kee 12, Wis 

Standard Electrical Products Co. 
Third, Dayton 3, Ohio 

Stromberg-Carlson A Div of 
Dynamics Corp., 117 
Rochester 3, N. Y¥ 

Union Switch & Signal Div., 
Air Brake Co., 

Universal Relay 
York 13, N. Y 

Ward Leonard Electric Co., 
Mount Vernon. N. Y¥ 

Westinghouse Electric 
Center, Bldg. No. 3 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., A sut 
of Daystrom, Inc., 614 Frelinghuyser 
Ave Newark 5, N. J 

Wheelock Signals, Inc 273 
Ave Long Branch, N. J 

Wiegand Co Edwin L 
Blvd Pittsburgh 8, Pa 

Zenith Electric Co., 152 W 
eago 10, IN 


Prairie 


Grand 
Chicage 


8613 Howard 


1500 Church, Frede 
Essex Wire Corp 
Radio Cory 
Pearl, S« 
Richards, Milwau 
2240 E 


General 
Carlsor Rd 


Westinghouse 
Pittsburgh 18, Pa 
Corp., 42 White, New 


34 Soutt 


Corp Gateway 
401 Liberty Ave 


Branchport 


7530 Thomas 


Walton, Chi 


REMOTE CONTROLS. See Push Buttor 
Stations; Relays and Contactors; Switch 
es Controls, Pressure and Tempera 
ture. 


RESINS, INSULATING. 
Compounds and Resins, 


See Varnishes 
Insulating 


RESISTANCE ALLOYS 


Driver Co Wilbur B 1875 
Highway, Newark 4, N. J 
Driver-Harris Co., Harrison, N. J 
Kanthal Corp., 3 Amelia Pl, Stamford 
Conn 


McCarter 


RESISTANCE HEATING UNITS. See 
Heating Elements and Units 


RESISTANCE LINE CORDS 


General Electric Co., 
rials Div., 


Construction Mate 


Bridgeport 2, Conn 


RESISTANCE WIRE 


ance 


See Wire, Resist 


RESISTORS, INSTRUMENT and RADIO 


Aerovox Corp New Bedford, Mass 

Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis 

Amperite Co., Inc., 561 Broadway, 
York 12, N. Y¥. (Bulb Type) 

Centralab Div of Globe-Union Inc., 
962 E. Keefe Ave.. Milwaukee 1, Wis 

Clarostat Mfg. Co., Inc., Dover, N. H 

Corning Glass Works, Technical Products 
Div., Corning, N. Y¥ 

Cutler-Hammer Inc., 1264 St 
Milwaukee 1, Wis 

Daven Co 536 W. Mt. Pleasant Ave 
Route 10, Livingston, N. J 

_— Resistor Corp., Electronics Div 
a 

Hardwick, Hindle, Inc., 
ark, 5 N. J 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa 

Mallory & Co., Inc., P. R., 
6, Ind 

Ohmite Manufacturing Co., 3613 Howard 
Skokie, Til 

RCA Electron Tube Div., 
America, Harrison, N. J 

Resistance Products Co., $14 S. 13th 
Harrisburg, Pa 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis 

Stackpole Carbon Co., St 

Texas Instruments, Incorporated, 
Lemmon Ave., Dallas 9, Texas 

Tru-Ohm Products, Div. of Model Engi 
neering & Mfg., Inc., Chicago 18, Il 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave Newark 5, N. J 


New 


Paul Ave 


, Erie 


40 Hermon, New 


Indianapolis 


Radio Corp, of 


Mary, Pa 
6000 


RESISTORS, POWER CIRCUIT 
Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis 
Cutler-Hammer Inc., 1264 St. Paul Ave 

Milwaukee 1, Wis. 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J 
Erie Resistor Corp., Electronics Div 

Pa 
General Electric Co., Apparatus Sales Div 
Y. ¥. 


Erie 


Schenectady 5, ° 

Hardwick, Hindle, Inc., 40 Hermon, New 
ark 5, N. J 

International Resistance Co., 401 N. Broad 
Philadelphia 8, Pa. 
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how large is small? _ 


ioc, 


Types and Specifications 


DAVEN’S NEW 

MINIATURE WIRE | Dia. | Length | 
WOUND RESISTORS | | 2 | 37 oa 
PROVIDE AS MUCH 5/16 
AS 400K 27/6 
RESISTANCE IN 

1/," x 5/6” SPACE 


0.50 


| Max. 
Watts 


0.25 | 


0.25 
0.25 
0.25 
0.33 
0.50 


Write for our new resistor catalog. 


“DAVEN = 


536 West Mt. Pleasant Ave. 
Route 10, Livingston, N. J. 


Special temperature coefficients 


can be supplied on request 


BEAVER 


GROUND THREADS 


UP TO 8” LENGTH 
PRECISION TOLERANCES 
SMALL AND MEDIUM-SIZE WORMS, 
LEAD SCREWS, ETC. 
PITCHES —12 TO 72 
VEE — ACME — WORM THREADS 
ALL STANDARD HARD OR SOFT STEELS 
STAINLESS — BRONZE — ALUMINUM 


Send Prints for Quotation 


BEAVER GEAR WORKS 


The Finest 
in Gears 


1035 Parmele St. 
we Rockford, Illinois 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


PAYYYYIITII abdul —- 


HIGH TEMPERATURE Wes 


@ COMPLEX SHAPES 
@ METAL INSERTS 


@ SUPERIOR ARC 
RESISTANCE 


@ NON-TRACKING 


@ DIMENSIONALLY 
STABLE 


@NO COLD FLOW 
@ ACCURATE 

@ MACHINABLE 

@ COLORS AVAILABLE 
@ OIL RESISTANT 


isso plate rheostat moldings shown above 

are typical examples of the suitability of 
ROSITE moldings for high temperature uses. 
Complex in shape, with metal inserts (terminal 
straps), these parts are cold molded by Rostone 
in three different sizes to close dimensional 
In service, wire resistor elements 
lay directly 


tolerances. 


against the surface of these 


moldings. 


ROSITE is a low cost “stone-like” material 
that has proved its worth for Rheostat Parts, 
Overload Relay Bases, Range and Heater 
Terminals, Resistor Cores, Grid Spacers, Weld- 
ing Electrode Holders, and many other parts. 
ROSITE moldings are produced in a wide 
variety of sizes and shapes. 


Rostone Corporation offers a complete service: 
(1) ROSITE moldings using compounds * 
formulated to meet user’s requirements; (2) 
Die design engineering; (3) Custom molding of 
parts to meet production schedules. Inquiries 
are invited. 


*Inorganic and organic 
Ask for Bulletin 100. 


A Product of 


ROSTONE CORPORATION 
Engineers and Custom Molders 


123 South Earl Avenue + 


Lafayette, Indiana 


4il 





MIDWEST MOLDS ALL ic | 


a eee ete 


Production quantities of 


PO Cu eer mT Ct) 


from stock dies... 


Over 100 Brush Cap Sizes « Molded from Stock Dies 
With or without Inserts « Internal & External Thread 


Over 50 Brush Holder Sizes * Molded Nylon or Phenolic 


Over 40 Commutator Sizes ¢ With or without prongs 


Customolded Segmented Commutators & Slip Rings 


Write for size chart or send blueprints for quote 


ONE SOURCE FOR ALL 3 MOTOR COMPONENTS 


Over 30 years experience and specialization in 


die-making and molding backs Triple M production 


PY tte 


& MANUFACTURING COMPANY 


Chicago Phone: Dickens 2-0777 


Long Distance: ONtario 2-1320 


PLASTICS 


* TOOLING + COMPRESSION - 


GURNEE 
% 
ILLINOIS 


INJECTION 


Mallory & Co., Ine., P. R., 
6, Ind 

Ones Mfg. Co., 3613 Howard, Skokie, 
il 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, Ill 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N r 


Indianapolis 


RESOLVERS. See Servomechanisms 


RHEOSTATS, INSTRUMENT and RADIO 
lien-Bradley Cx 1316 8. Second, Mil 
waukee 4, Wis 

Amperite C In 561 Broadway, New 
York 12, N Y Bulb Type) 

Clarostat Mfg. Co Inc., Dover, N. H 

Cutler-Hammer Ir 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Hardwick, Hindle, Inc, 40 Hermon, New 
ark 5, N. J 

Mallory & Co., Inc., P. R., 
6, Ind 

one Mfg. Co. 3613 Howard, Skokie 

ll 

Rex Rheostat Co., Baldwin, L. 1., N. Y¥ 

Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, Il 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. 


Indianapolis 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis 

Clarostat Mfg. Co., Inc., Dover, N. H 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Genera! Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Hadwick, Hindle, Ine, 40 Hermon, New- 
ark a J 

National Electric Controller Co., 7070 
Glenwood Ave., Chicago 26, Ill 

— Mfg. Co 3613 Howard, Skokie, 

Rex Rheostat Co., Baldwin, L. IL, N. Y. 

Superior Electric Co., 803 Middle, Bristol, 
Conr 

Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, Il. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


RINGS, COLLECTOR 


Baker & Co.. Inc., 113 Astor, Newark 5, 
N. J. (Precious Metal) 

General Plate Div., Metals & Controls 
Corp. 1906 Forest, Attleboro, Mass 
(Precious Metal) 

Midwest Molding & Mfg. Co., Gurnee 96 
tl 

Ney Co., J. M., P.O. Box 990, Hartford 1, 
Conn 

Nippert Electric Products Co., 1759 W. 
Mound Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich 


Wilson Co., H. A., Route 22, Union, N.J 


RINGS, RETAINER and SNAP 


Associated Spring Corp., Bristol, Conn 

Garrett Co., Inc., George K., Philadelphia 
34 Pa 

Industrial Retaining Ring Co., 57 Cordier, 
rvington 11, N. J 

National Lock Washer Co., 40 Hermon, 
Newark 5, N. J 

Radio Frequency Laboratories, Inc., Boon- 
ton J 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1, 
ie a 

Waldes Kohinoor, Inc., 47-16 Austel Pl., 
Long Island City 1, N. Y. 


RIVETS. See Fasteners 


RIVET SETTING MACHINES 


Chicago Rivet & Machine Co., 9609 W. 
Jackson Blvd., Bellwood, IIL 

Milford Rivet & Machine Co., Milford, 
Conn. 


ROLLER BEARINGS. See Bearings, Bal! 
and Roller 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Western 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, IlL (Silicone) 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Dow Corning Corp., Midland, Mich. 
(Silicone 

Enjay Co., Inc., 15 West 51st, New York 
9, N. Y 

General Electric Co., 
Decatur, Ill 

Goshen Rubber Co., Inc., P. O. Box 517, 
Goshen, Ind 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave,, Chicago 19, Ill 

Parker Appliance Co., 17325 Buclid Ave., 
Cleveland 12, Ohio 

Phoenix Manufacturing Co., Rubber Prod 
ucts Div., Joliet, Ill 

Raybestos-Manhattan, Inc., Plastic Prod 
ucts Div Manheim, Pa. 

Roth Rubber Co., 1860 8S. 54th Ave., 
Chicago 50, Ill 


Plastics Dept., 


SAWS, COMMUTATOR. See Commutator 
Saws and Slotters. 


SCRAPER RINGS. See Rings, Retainer 


and Snap 


SCREW DRIVERS, PORTABLE. See 


Tox Porta 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics 

Aluminum Co. of America, Alcoa Bidg.. 
Pittsburgh 19, Pa 

Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Master Appliance Mfg. Co., Racine 2, Wis 

Milford Rivet & Machine Co., Milford 


Conn 
SCREWS. See Fasteners 


SEALING COMPOUNDS See Cement 
Insulating and Sealing; Waxes and Com 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products, Inc., Div 
of General Ceramics Corp., 118 Liberty, 
Stamford, Conn 

American Lava Corp., Chattanooga 5, Tenn 

Amphenol! Electronics Corp., 1830 8S. 45th 
Ave., Chicago 54, Ill 

Constantin & Co., L. L., Route 46, Lodi, 
N. J 

Electrical Industries Div of Phillips 
Electronics Inc., 691 Central Ave., 
Murray Hill, N. J 

Genera] Ceramics Corp., Keasbey, N. J 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Glass Bushings) 

Hermasea| Co., Inc., 1010 Main, Elkhart, 
Ind. 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa 

Kearfott Co Inc., 1878 Main Ave, 
Clifton, N. J 

Phillips Control Corp., 59 W. Washington, 
Joliet, Ill 


SEALS, MECHANICAL. (Rotary Shaft) 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill 

Garlock Packing Co., Palmyra, N. Y 


SEALS, OIL and GREASE 

Gits Bros., Mfg. Co., 1840 8, Kilbourn 
Ave., Chicago 23, Ill 

Syntron Co., Homer City, Pa. 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 
i, od. 


SELENIUM RECTIFIERS. See Rectifiers 
Semiconductor 


SEMICONDUCTOR PRODUCTS. See Rec- 
tifiers, Semiconductor; Transistors and 
Crystal Diodes 


SERVOMECHANISMS (Controls, Syn- 
chros, etc.) Also see Motors. 


Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa 

Bristol Co., Waterbury 20, Conn. 

Dieh| Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co., Somer- 
ville, N. J 

Eclipse-Pioneer Div., Bendix Avistion 
Corp., Teterboro, N. J 

Helipot Corp., Div. of Beckman Instru- 
ments Inc., Newport Beach, Calif 

Kearfott Co.. Inc., 1378 Main Ave., Ciif- 
ton, N. J 

Oster Manufacturimg Co., John, Avionie 
Div., Racine, Wis. 

Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J 

Transicoil Corp., Worcester, Montgomery 
County, Pa 


SHAFTS, FLEXIBLE 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 
1N. J 


SHEAVES. See Drives, Belt. 


SHEET METAL FABRICATORS 

Cincinnati Ventilating Co., 308 Madison 
Ave Covington, Ky ss 

Cox Co., H. F., 601 Ottawa Ave., N. W.. 
Grand Rapids 2. Mich 

Croname, Inc., 1769 Grace, Chicago 13, 
Ill 

Hoffman Engineering Corp., Dept. EM-41 
Anoka, Minn. (Terminal and Pull Boxes) 

Kirk & Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio. 


SHEETS, ELECTRICAL. See Steel, Elec- 
trical 


SHIELDING ELECTRONIC 
Metal Textile Corp., Roselle, N. J (Knitted 
Metallic Strips, Gaskets, etc.) 


SHIELDS, ELECTRON TUBE 


International Electronic Research Corp.. 
145 W. Magnolia. Burbank. Calif 
Magnetics, Ir Box 391, Butler, Pa 


SHIPPING SERVICES 


United Air Lines, Cargo Sales Div,, 36 8 
Wabast Ave Chicago 3, Tl (Alr 
Freight) 


SIGNAL DEVICES 


Crouse-Hinds Co., Syracuse 1, N. Y 
Wheelock Signals, Inc 278 Branchport 
Ave., Long Branch, N. J 


SIGNAL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator 


SILICON DIODES. See Transistors and 
Crystal Diodes 
SILICONES 


Auburn Manufacturing Co., 306-I Stack 
Middletown, Conn 
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Staggered 
starting of 
electric 
motors... 


" AGASTAT 


Time / Delay / Relay 


AGASTAT allows you to stagger the starting of three motors 
without imposing their load on the line at the same time. 
The AGASTAT is ®@ electrically actuated, pneumatically timed. 
® light, versatile, dependable. 
® instantaneous recycling. 
® adjustable in timing from 0.1 second to more than 
10 minutes. 
® available in AC or DC models which offer delays 
on energizing and de-energizing, manually-actuated 
time delay switch, remote push button control, her- 
metically-sealed units. 


Write our application engineers for help with 
your timing problem. Address Dept. A25-621. 


Elastic Stop Nut Corporation 
of America 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 


ELECTRICAL 


CONTACTS 


Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts, 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 
“Reg. 


LAMINATED AND INLAID METALS 
PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFACTURERS 


_C. S$. BRAININ CO. 


318 Washington Street, Mt. Vernon, N. Y. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


New Low-Cost Tool 
Assures Perfect 

| Electrical Connection 
| Every Time 


ELECTRIC 
CONNECTOR 
DRIVER 


Joins Connectors To Wires 
In Split Second! 


Now IDEAL, the leading manufacturer of screw-on 
wire connectors, offers a new job-designed Electric 
Connector Driver priced considerably lower than 
standard torque tools. Hand controlled, durable unit 
applies IDEAL “All-Plastic’”” Connectors with the exact 
torque for perfect connections. 


There's no guesswork...no clutch to adjust...nothing 
to get out of order. Motor stalls when connection is 
secure, making it impossible to twist off wires. Light 
weight and ease-of-handling make the tool perfect for 
women operators. Suspend unit overhead for produc- 
tion set-ups. Five Driver Socket sizes fit all IDEAL 
screw-on wire connectors. 


The Lowest Priced, 
Quality Connector Made! 


To make connections good for the life of your product 
— at real savings — use IDEAL “All-Plastic’’ Wire 
Connectors. Tough, non-porous plastic shell “armor- 
plates” entire joint. Special non-abrasive threads com- 
press, twist and grip wires, yet never cut the finest 
strands. Connectors resist chemical action . . . never 
crumble. Four basic sizes handle any O.£.M. job, in- 
cluding 1000 V. fixture wiring. Try them at our ex- 
pense. Mail coupon for free samples. 


SOLD THROUGH AMERICA’S LEADING DISTRIBUTORS 
In Canada: Irving Smith, Ltd., Montreal 


IDEAL INDUSTRIES, Inc. 

1005+ Park Avenue, Sycamore, Illinois 

C) Send free catalog data on IDEAL 
nector Driver. 

[] Send free samples of IDEAL A 
Connectors. We connect h 
wires to No. wires 


| Company 


l Address_ 





POSITIVE 


wire 
markers 
provide... 


IDENTIFICATION 


FOR WIRE OF ANY SIZE! 


ELIMINATE WIRING GUESSWORK with easy to read E-Z 
CODE Wire Markers. Patent features let you apply markers 
without affecting adhesive quality. Thousands of stock 
items in standard lengths of %” and 114”, prices start 
low as Ye¢ per wire lead! E-2 CODE Vari-temp cloth markers 
(temperature range 300F.) meet MIL-D-10369B for fungus 
resistance; stock markers also available in aluminum foil. 


Available nationally from over 200 distributors, 
write for free working samples and catalog. 


Division of 

Western Lithograph Co 
602 E. 2nd St., 

Los Angeles 54, Calif 


FHP motors... engineered 


The new RAE M-20 or M-100 Motor. Ven 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting 
Ball or sleeve bearings. Can be used with 


any of RAE's geor units. 
Winding — 
M-20 — Universal or Shunt 


especially 
for your 
product 


RAE 


M-100—Permanent Magnet (DC Shunt) 


Voltage — 6 to 220 AC/DC or DC Shunt 
Max. H. P. — 1/30 Continuous 


Weight — Approx. 2 Ibs 


motors 


RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 


and testing of your 


roduct, they can save you time 


and money in selecting the right motor. 


RAE offers outstanding service and 


uality in a 


large variety of motors. Available in voltages up to 


250, and up to 1/6 HP 


(higher for intermittent 


duty) with many gearhead motor combinations 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers 

*Send for the ‘*RAE'’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices. 


Rae MOTOR CORP. 


2009 Kewaunee Street 
Racine, Wisconsin 


AC/DC Universal * DC Shunt Wound « 
DC Series Wound * Gear Reduction 
Motors * Governor Controlled Motors * 
Motors for Rheostat Control * Motors for 
Electronic Control * Permanent Magnet 
Motors and Gearmotors. 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13. Del 

Dow Corning Corp., Midland, Mich 

Formica Corp Sub. of American Cy- 
anamid, 4521-7 Spring Grove Ave., Cin- 
cinnati 32, Ohio 

General Electric Co., Silicone Products 
Dept., Waterford, N. Y 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Tl 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

Taylor Fibre Co., Norristown, Pa 

Union Carbide Corp., Silicones Div 
Lexington Ave New York 17, N. Y 


SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points. For Solder, 
see Brazing Alloys, Silver 


a Co., Ine., 113 Astor, Newark 5 

Brainin Co., C. S., 318 Washington, Mt 
Vernon, N. Y¥ 

Deringer Metallurgical Corp., 8129 Monti- 
cello Ave., Skokie, Ill 

Fansteel Metallurgical Corp., North Chi- 
cago, Ill 

General Plate Div., Metals and Control 
Corp., 1906 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
38, N 

Mallory & Co., Inc., P. R., 
6, Ind. 

Ney Co., 
Conn. 

Sel Rex Corp., 155 Manchester Pl., New- 
ark 4, N. J 

Wilson Co., H. A., Route 22, Union, N. J. 


Indianapolis 
J. M., P.O. Box 990, Hartford 1, 


SLEEVE BEARINGS. See Bearings and 
Bushings. 


SLEEVING, SATURATED. See Tubing 
and Sleeving. Braided Fabric. 


SLEEVING and TAPE. ASBESTOS 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

sk capmmnemmee Box 14, New York 16, 
N 


Raybestos-Manhattan, Inc., Plastic Prod- 
ucts Div., Manheim, Pa. 


SLIDE ASSEMBLIES 


Radio Frequency Laboratories, Inc., Boon- 
ton, N. J 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co.. Hoboken, N. J. 


SLIP RINGS. See Rings, Collector. 


SLOT INSULATION. Sce Fabrics, Insulat- 
ing; Mica; Paper, Insulating; Tubing 
and Sleeving. Braided Fabric. 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 


SOCKET SCREW KEYS and 
WRENCHES 


Allen Manufacturing Co., 
Hartford 5, Conn 

Bristol Co., Waterbury 20, Conn 

— Pressed Steel Co.. Jenkintown 9. 
>, 
‘a. 


SOCKETS and ADAPTERS, RADIO. See 
Plugs and Receptacles. 


183 Sheldon, 


SOCKETS and RECEPTACLES, LAMP 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, IIL 

Circle F Mfg. Co., Trenton 4, N. J 

Dialight Corp., 44 Stewart Ave., Brook- 
lyn 37. N. ¥ 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Pass & Seymour, Inc., Solvay Station, Sy- 
racuse 9, N ‘ 

United States Gasket @o.. Plastics Div. 
= a Garlock Packing Co., Camden 1, 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Auxiliaries 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 1880 8S. 54th 
Ave., Chicago 54. Ill 

Mycalex Corp. of America, Clifton Blvd, 
Clifton, N. J 

United States Gasket Co.. Plastics Div. 
= = a Garlock Packing Co., Camden 1. 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Essex Wire Corp., Wire and Cable Div., 
Fort Wayne. Ind. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. ¥ 

Handy & Harman, 82 Fulton, New York 
38, N. Y 

Kester Solder Co., 
Chicago 39, Ill 

London Chemical Co., Ine., 1537 
S3ist Ave., Melrose Park, Ill 

National Lead Co., 111 Broadway, New 
York 6, N. Y¥ 


4209 Wrightwood Ave.. 
North 


SOLDERING EQUIPMENT 
(Irons, Machines, ete.) 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 


Ideal Industries. Inc., 1008 Park Ave. 
Sycamore, Il 
Vulean Electric Co., 


Danvers 2, Mass 


SOLDERLESS CONNECTORS. See Con 
nectors, Wire and Cable 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver 

Handy & Harman, 82 Fulton, New York 
38, N : 

Kester Solder Co., 
Chicago 39. Ill 


4209 Wrightwood Ave 


SOLDER, SELF-FLUXING 
For Silver Solders see Brazing Alloys 
Kester Solder Co., 4209 Wrightwood Ave 
Chicago 39, Ill 
London Chemical Co., 1537 N. 3lst Ave 
Melrose Park, Ill 
National Lead Co., 111 
York 6, N. 


Broadway, New 


SOLENOIDS 


Allen-Bradley Co.,. 
waukee 4, Wis 
Anderson Controls, Inc., 2777 
Rd., Des Plaines, Tl ; 
Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, Ill 

Automatic Switch Co.. 50-M Hanover Rd.. 
Florham Park. N. J 

Cannon Electric Co., Dept. 500. 3209 Hum- 
boldt. Los Angeles 31, Calif 

Comar Electric Co., 3349 W 
Chicago 18, ILL 

Controls Co. of 
9551 Soreng Ave., 

Cutler-Hammer, Inc., 
Milwaukee 1, Wis 

Detroit Coil Co., 2435 Hilton Rd., Detroit 
20, Mich 

Dormeyer Industries, 3414 Milwaukee Ave., 
Chicago, IL 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Guardian Electric Co., 1627-F W. Walnut 
Chicago 12, Ill 

Leach Relay Div., Leach Corp., 5915 Ava- 
lon Blvd., Los Angeles 3, Calif 

Leland. Inc., G. H., 123 Webster, Dayton 
2, Ohio 

McQuay- Norris 
Marconi, St. Louis 10, Mo. : 

Master Appliance Mfg. Ce., Racine 2 Wis 

Oak Mfg. Co., 1258 Clybourn Ave., Chi- 
cago 10, Ill 

Phillips Control Corp., 59 W. Washington. 
Joliet, Tl 

R-B-M “‘Control’’ Div., 
Logansport, Ind. 

Trombetta Solenoid Corp., 329 N. Mil- 
waukee, Milwaukee 2, Wis 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


1816 8S. Second, Mil 
Mannheim 


Addison 


America, Soreng Div., 
Schiller Park, Il 
1264 St. Paul Ave.. 


Manufacturing Co., 2322 


Essex Wire Corp 


SPEED INDICATORS. See Tachometers 
SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 


Allis-Chalmers, Milwaukee 1, Wis 

Bowmar Instrument Corp., 2415 Pennsyl 
vanfa Ave.. Ft. Wayne, Ind 

Century Electric Co., 1806 Pine. St. Louts 
3, Mo 

Eaton Mfg. Co., Dynamatice Div., 3307 
Fourteenth Ave Kenosha, Wis. 

General Electric Co.. Apparatus Sales Div 
Schenectady 5, N. Y 

Janette Electric Mfg. Co., 
Til 

Reeves Pulley Co. 


Morton Grove 


Columbus, Ind. 


SPRINGS, COIL and FLAT 


Accurate Bering Mfg. Co., 3817 W. Lake 
Chicago 24, TIL 

American Spring and Wire Specialty Ce 
816 N. Spaulding Ave., Chicago 51, Ml 

American Steel & Wire Div.. U. S. Steel 
Corp., Reckefeller Bldg., Cleveland 13 
Ohio 

Associated Spring Corp., Bristol 

Barnes Co Wallace, Div 
Spring Corp., Bristol, Conn. 

Barnes-Gibson-Raymond. Div. Associated 
Spring Corp 40300 Plymouth Rd 
Plymouth, Mich 

Chatillon & Sons, 
York 38, N. Y 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 51, Ill 

Dunbar Bros. Co.. Div. Associated Spring 
Corp.. Bristol, Conn 

Garrett Co., Inc., George K., Philadelphia 
34, Pa 

Gibson Co., William D.. Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi 
cago 14. Til 

Gibson Electric Co 
Pittsburgh 21, Pa 

Hunter Spring Co., 
dale, Pa 

Instrument Specialties Co., Inc., 
gen Blvd., Little Falls, N. J 
lium, Copper) 

Lewis Spring & Mfg. Co.. 2646 W. North 
Ave.. Chicago 47, Il 

Ohio Div., Associated Spring Corp., 1712 
E. list, Dayton, Ohio 

Raymond Mfg. Co., Div 
Corp., Corry, Pa 


Conn 
Associated 


John, 85 Cliff, New 


8349 Frankstown Ave. 
22 Spring Ave., Lans 


244 Ber- 
(Beryl 


Associated Spring 


Commer 


STAINLESS STEEL. See Steel 
cial Forms and Grades 


STAMPINGS, METAL 


Accurate Spring Mfg. Co., 3817 W 
Chicago 24, Ill 

Aluminum Goods Manufacturing Co.. Man 
itowoc, Wis 

American Spring and Wire Specialty Co. 
816 N. Spaulding Ave., Chicago 51, I 

Auburn Manufacturing Co., 306-I Stack. 
Middletown, Conn 

Barnes Co., Wallace, Div. 
Spring Corp.. Bristol, Conn 


Lake 


Associated 
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TE a as 


SAVES 
me 


This insert, used in the chemical industry, is a formulation of 
zircon porcelain. It takes the place of a special chrome-nickel 
alloy insert, which required too frequent replacing, and 
saves $14.50 per unit. 

The extreme density of zircon porcelain formulations pro- 
vide resistance to heat, rapid thermal changes, impervious to 
moisture, chemicals, fumes, and offer basic properties not 
available in many more expensive materials. 

Can you use porcelain to improve your product at less cost? 
Send your specs to Universal. 


me UNIVERSAL 


1540 £AST FIRST STREET 


D. C. REGULATED 


Power Supplies | 


by Aeme<@=Flectric 


CLAY PRODUCTS CO. 
SANDUSKY, OHIO 


Pot 


Our experience in manu- 
facturing dependable DC 
power supplies may be the 
“know how” to improving 
the performance of your 
product. We have the en- 
gineering personnel and 
the facilities to furnish 
regulated power supplies 
of the saturable reactor, 


LOW COST 


MERCURY SWITCH 
MINIATURE TYPE 


ACTUAL SIZE 


series tube, stabilizer or 
transistor types and un- 
regulated power supplies 
for either 60 cycle or 400 
cycle service. 


The specifications you 


HERMETICALLY SEALED 


Introducing a new Mercoid hermetically sealed mercury 
switch—a tilting type switch designed to be installed 
in the same manner as a cartridge fuse (spring clips or 
holders can also be used for mounting purposes). 

Operation is noiseless and contact position is readily 
visible. 

Its small size and light weight make it particularly 
adaptable for such applications as business machines, 
coin operated machines, signals, sign flashers or 
refrigerator doors. 

Electrical rating: SP-ST: 1.75 amp. 115 volts; 0.6 amp. 
230 volts. 

WRITE FOR BULLETIN 665 


THE MERCOID CORPORATION 
4209 Belmont Ave., Chicago 41, III. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


submit will be thoroughly 
studied, suggested im- 
provements (if any) sub- 
mitted and quotation made 
on the highest quality 
units that can be produced, 
anywhere. 


For further information write 


ACME ELECTRIC CORPORATION 
356 WATER ST. CUBA, NEW YORK 





HHA LUT 


The Only COMPLETE 
COIL FORM SERVICE 


a asain 
COIL FORMS and TUBES, SQUARE, RECTANGULAR, ROUND 
Any length, shape or size from Ys" to 8”, wall thickness 
from .010 to .125. Kraft, fish paper, cellulose acetate, 
polystyrene, fibre glass and other dielectric materials, 
including resin impregnated. 


BOBBINS 


Cores fabricated from any of above materials. Metal, 
asbestos, plastic or fibre flanges. 


MANDRIL SERVICE 
Accurately ground steel and aluminum coil mandrils 


at cost comparable to undependable wood or under- 
sized steel mandrils 


FABRICATING SERVICE 


Any special shape or form . 


. rolled, spun, flared, 
punched or formed. 


Ask obout Precision’s complete coil form service. 
Request informative bulletin. 


PRECISION PAPER TUBE COMPANY 
2035 West Charleston Street, Chicago 47, Illinois 
Plant No. 2: 1 Flower Street, Hartford, Conn 


Representatives throughout United States ond Canado 





Y ADDE: D LU Eve 
11 


..-HAS MADE 


WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
that D-&-B’s KNOW-HOW pays 

yut in EXTRA performance. Rely 


you MONEY! Get Wire Forms, 
withstand stress and 
pEEDY DELIVERY 


on expert engineers for parts that 
meet your exact needs and save 
Springs and Stampings that are 
easily assembled . . . that 
S perform under the most 

trying conditions! 

WRITE — WIRE — or PHONE 

for Estimates and Delivery Dates 

SPRING MFG. CO. 

4014 W. Grand, Chicago 51, Til. 


DICKENS 2-1020 


Barnes-Gibsen-Raymond Div. Associated 
Spring Corp., 40300 Plymouth Rd., Ply- 
mouth, Mich. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Deringer Metallurgical Corp,, 8119 Monti- 
cello Ave., Skokie, Il 

Dudek & Bock Spring Mfg. Co., 4016 W. 
Grand Ave., Chicago 51, Ill. 

Dunbar Bros. Co.. Div. Associated Spring 
Corp., Bristol, Conn. 

as Co., 27 Wright, Newark 5, 


Erie Resistor Corp., Electronics Div., Erie, 


a 

Federal Tool & Manufacturing Co., 3609 
Alabama Ave., Minneapolis 16, Minn. 

Fryling Mfg. Co., Erie, Pa 

oo Inc., George K., Philadelphia 
34, Pa. 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave.. Chi- 
cago 4, Til. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Joliet Wrought Washer Co., Joliet, Ill. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, IIL 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, TIL 

Mohawk Mfg. Co., Middletown. Conn. 
(Threaded) 

Ohio Div., Associated Spring Corp., 1712 
East First, Dayton, Ohio 

Raymond Mfg. Co., Div. Associated Spring 
Corp. Corry, Pa. 

Revere Copper and Brass, 230 Park 
Ave.. New York 17, N. Y. 

Shakeproof Div. of [linois Tool Works, 
St. Charles Rd, Elgin, Ml 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19. N. Y 

United-Carr Fastener Corp.. Cambridge 
42, Mass. 

Wenco Mfg. Co., 
cago 22. Ml 

Winzeler Manufacturing and Tool Co., 
W. Arcade Place, Chicago 12, Ill 


Inc., 


1136 West Hubbard, Chi- 
1712 


STAMPINGS, NON-METALLIC 


Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

Fryling Mfg. Co.. Erie, Pa 

Bichnardeen Co., 2799 Lake, Melrose Park, 
I 

Stahlin Brothers Fibre Works, Inc.. 
E, Belding, Mich 


Dept. 
STARTERS, FLUORESCENT. See Fluo- 
rescent Lamp Auriliaries. 


STARTERS, MOTOR. 
Motor; 


See Controllers, 
Push Button Stations 


STEATITE. See Ceramics. 


STEEL (Commercial Forms and Grades) 


Alloy (4) 
Bars (B) 
Carbon (C) 
Coated (‘D) 
Enameling (B) 
Stainless (N) 
Cold Rolled Only (0) 
Sheets and Strips (8) 
Tubing (T) 
‘See also Steel, Electrical 


Acme-Newport Steel 
(ADES) 


Corp., Newport, Ky 

Allegheny Ludlum Steel Corp., Oliver 
Bidg.. Pittsburgh 22, Pa. (NS) 

American Steel & Wire Div., U. S. Steel 
Corp.. Rockefeller Bldg., Cleveland 13. 


Ohio (NS) 
Div. Associated 


Barnes Co Wallace 
Conn, (S-CO) 


Spring Corp., Bristol, 
(Spring) 
Chase Brass & 
Recott 
N 
Columbia-Geneva Steel Div.. U. S 
Corp., San Francisco, Calif 
Crucible Steel Co. of America 
of Commeree Bidg., 

ABCNS) 

Driver Co., 
Highway 
Wire 

National Tube Div., U. 8S 
Pittsburgh, Pa 

Penn Precision Products, Inc., 501 
ent Ave., Reading. Pa. (NS) 

Revere Copper and Brass, In 2 
Ave., New York 17, N. Y. (T) 

Ryerson & Son, Inc.. Joseph T., 
80, Ill. (ABCDENST) 

Sharon Steel Corp., Sharon, Pa 
ENST) 

Sunerior Tube Co., 
NT) 

Tennessee Coal & Iron Div., U 
Corp Fairfield, Ala 

U.S. Steel Corp., 525 William Penn P1., 
Pittsburgh 30, Pa. (S-ACDN) (T-ACN) 

Washington Steel Corp., 4-BB Woodland 
Ave., Washington, Pa. (NS) 


Copper Co., Sub. of Ken- 
Copper Corp., Waterbury 20, Conn 


Steel 


Chamber 
Pittsburgh 19, Pa 


Wilbur B., 1875 Mc 
Newark, N. J 


Carter 


Stainless Steel 


Steel Corp 


Cres 
Park 

Chicago 

ABCD 


Norristown, Pa. (AC 


S. Steel 


STEEL, ELECTRICAL 
(Sheets and Strips) 
Acme-Newport Steel Corp., 
Allegheny Ludlum Steel 
Bldg., Pittsburgh 22, Pa 

Sharon Steel Corp maron, Pa 

U. 8S. Steel Corp., 525 William Penn P! 
Pittsburgh 30, Pa 


(Silicon) 


Newport. Ky 
Corp., Oliver 


STRAIN RELIEFS. See Grips ar 
Strain Relief 


1 Clamps 


STRIPPERS, WIRE 

Acme Wire Machine Co., 
York 9, N. Y¥ 

Artos Engineering Co. 
waukee 7, Wis. 


234 E. 8rd, 


28th, Mil 


New 


2737 S 


Eraser Co., Inc., Rush Wire Stripper Div.. 
Syracuse 4, N. Y 

Holub Industries, Inc., 445 Elm, 
more, Ill 

Ideal Industries, Inc., 1008 
Sycamore, Ill 

London Chemical Co., Inc., 
Ave., Melrose Park, Lil 

Wenco Mfg. Co 1136 
Chicago 22, Ill 


Syca- 
Park Ave., 


1537 N. 31st 


West Hubbard 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


AMP Incorporated, 
burg, Pa. 

American Lava Corp., Chattanooga 5, Tenn. 

Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J 

Burndy Corp., Omaton Div., 
Conn. 
Cambridge Thermionic Corp 
Ave. Cambridge 38, Mass 
Cutler-Hammer, Inc., 1264 St 
Milwaukee 1, Wis. 

Dimco-Gray Co., 210 E. 6th 
Ohio : 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Jones Div., Howard B., Cinch Mfg 
Chicago 24, Ill. 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis 

Molex Products Co., Brookfield, Il! 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J 

Rex Rheostat Co., Baldwin, L. I, N.Y. 

Stromberg-Carlson, A Div. of General Dy- 
namics Corp., 117 Carlson Rd., Rochester 
3, N. Y. 

Thomas & Betts Co., Inc., 28 Butler, 
Elizabeth 1, N. J 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1, 
N. J. 


2100 Paxton, Harris- 


Norwalk, 
453 Concord 


Paul Ave., 


Dayton 2 


Corp., 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Magnetic (C) 
Mercury (D) 
Pressure (E) 
Thermal (F) 
Time (G) 
Transfer (H) 
Vacuum 
Canopy 
Foot 
Heater (Series Multiple) 
Jack, Key and Lever 
Panel 
Snap (Toggle, 
Rotary) 
Remote Control 
Selector 
Through-Card 
Coaxial 
Motor Speed Controi (Vv) 
Rotary (W) 
Coin (X) 
Push Button (Y) 


and Fixture 


Slide, 


(Snap) 


Breakers; Push 
Motor ; 


Button 
Relays: 


See also Circuit 
Stations; Controllers, 
Timers 

AEMCO., Inc., 50 
(GR) 

Adams 


State, Mankato, Minn. 


& Westlake Co., Elkhart, Ind 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. (ACEFJPR) 

Allied Control Co., Inc., 2 East End Ave., 
New York 21, N. Y. (CDGHR) 
Allis-Chalmers, Milwaukee 1, Wis. (RS) 
Anderson Controls, Inc., 2777 Mannheim 

Rd., Des Plaines, ILL 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. (ACDHKE 
MPRT) - 

Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, Ill. (BCDGHL 
NRSTVW) 

Automatic Switch Co., 50-M Hanover Rd 
Florham Park, N. J. (CHR) 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc, 5234 Pulaski 
Ave., Philadelphia 44, Pa. (G) 

Bristol Co., Waterbury 20, Conn. (ADEF 
GIPRS) 

Centralab Div. of 
BE. Keefe Ave., 
(NSW) 

Circle F 
KPWY 

Cissell Mfg. Co Ine W. M. 831 8. 
First, P. O. Box 1143, Louisville, Ky 
(G) 

Clare & Co., C. P., 3101 
Chicago 45, IL. (SW) 

Clark Controller Co., 1146 E. 152nd 
land 10, Ohio (C) 

Comar Electric Co 
Chicago 18, Ill. (N) 

Controls Co. of America 
9551 Soreng Ave., Schiller 
(ABELPS) 

Cramer Controls Corp., 
brook. Conn G) 

Crouse-Hinds Co 
(DPSV) 

Curtiss-Wright Corp., 

Cutler-Hammer, In 1264 St. Paul Ave., 
Milwaukee 1, Wis. (EGLPW) 

Daven (C<¢ 536 W. M Pleasant Ave., 
Route 10, Livingston, N. J S) 

Denison Manufacturing Co. rR. B 
St. Clair Ave., N. W Cleveland 13 
Ohio (B) 

Detroit Controls Corp., Div. of 
Standard, 5900 Trumbull Ave 
8. Mict * 

Dimco-Gray Co., 210 E. 6th 
Ohio (G 

Durakool, Inc., Elkhart, Ind. (D) 

Eagle Signal Corp., 202 20th, Moline, Ill 
(G) 

Eitel-McCullough, Inc.. San Bruno 
(J) 

Electro-Snap Switch and Mfg. Co., 
W. Lake, Chicago 24, IIL (B) 


Globe 
Milwaukee 1, 


4, N. J 


Tnion Im 962 


Wis 


Mfg Co. Trenton 


Pratt Blvd., 
Cleve 
3349 W. Addison 


Soreng Div., 
Park, Ml 
Box 8, Center 
Syracuse 1 i. ee 


Carlstadt, N. J. (F) 


American 
Detroit 


Dayton 2 


Calif 
4238 
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AVAILABLE IN 
FOUR TIME RANGES 


7 MINUTES 


Multiple Reprints 14 MINUTES 


28 MINUTES 
56 MINUTES 


at (Quantity Prices WITH “HOLD” FEATURE 


if desired 


illustrated above: 
e For each of the four design compendiums now | CAG ee ae, 


rectly on sheet metal panel) $9.00 
available (see reviews on page 304) the supply Also available in metal box with 
now on hand is sufficient to fill modest quantity 


Maa or without signal light. 
Aaa TENA A a a 
° . . " ‘ | More than just a warning de- 
orders. Since handling expense is a significant cost | vice, Cissell Time Switches open 
3 ns ; cs | . + + or close . . . an electrical 
element in the distribution of these Multiple Re- C| SS a8E circuit at the end of a specified 
a ; i time period. They are adaptable 
prints, grouping of orders makes substantial sav- to a wide variety of mountings. 


: GUARANTEED for 1 year. 
ings in cost per copy. To further reduce cost, ac- paca Duty We welcome an opportunity 


to prove that we have the 
counting and invoicing operations involved in answer to YOUR time switch 


problem. Contact us now for 


open-account billing are eliminated by requesting ee: ae Se. 
remittance with order. 


CURRENT RATING: AL- 
TERNATING CURRENT 115 


or 230 VOLT, 1 H.P. SINGLE 
. ; PHASE, 10 AMPERES, {NDUC- 
Prices per copy given in the table below are for TIVE OR NON-INDUCTIVE. 


single shipments in the quantities shown on orders W. Oe. CISSELL fare. €8.. me. 


Pane eS LOUISVILLE, KENTUCKY 


Quantity per shipment 
Title 25 


Electrical Insulation and 


= 7) us ) 

Dielectrics A ‘ el a : SNAP-ON 
Servo Series i a Sea 
Practical Circuits for 


Grid Control of | at algae HU 


Thyratrons 


: Fast Action Straps for Produc- 

° . ~ | . tion Use! ‘Snap’ on—hold 
‘ 7ine 99 , , 

Human Engineering ‘ tight. Secret of the “snap” is 

a Bump formed inside the 

strap. Precision made of heavy 

gauge steel, zinc coated. Sizes 


Send orders with remittance (including 3 per | a at i 
cent sales tax for New York City deliveries) to 
Hi "SCREW-ON” ‘Hi’ PLASTIC CLAMPS 
WIRE CONNECTORS 
TOUGH ¢ DURABLE « SAFE! 
BAKELITE ¢ PORCELAIN 


Reader Service Department SET-SCREW =F ~=CUT COSTS! Tops in dielectric 
pre qualities . . . unaffected by atmos- 

The Ga e Publishin m n r Keep your produc- by aoa pheric conditions. Made in 3 materials 
8 g Company AD tion rolling with 37g, Sap? —ETHYL CELLULOSE, SARAN, NYLON 

1250 Sixth Ave., New York 20 iy fast, sure Hi" con- -.» high-low temperature ratings, 


nectors. NEW! Hi-O 
“LOK-ONS" - small 


TTOUCMSUCIS § MAIL TODAY FOR 1957 "Hi" CATALOG! 
tors, exclusive lock- ASK FOR FREE SAMPLES 
Prices given above include shipping charges. een, BO Sat. - « Tar 
: o2~2 small housings. | NAME 
Be sure to enclose address to which shipment is f 
&\ 9 FIRM__ 
to go; make checks payable to The Gage Publish- eae | 
: 3 STREET 
ing Company. Orders at these prices can be filled | 
| 


only when payment accompanies the order. ad 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





... Ask a man 
who has used them 


PIPE PLUGS These vical items are produced eco- 


nomically and accurately at ELCO by the cold- 
heading roll-threading method. The leak-proof 
“Dry-Seal” design is an ELCO specialty. Modified 
designs are engineered and produced to order. 
Second operation work is available, such as vent 
holes, safety wire holes, etc. ELCO Pipe Plugs 
are stocked in steel, stainless steel, aluminum, 
bronze, and brass. Write for our stock list. 


WOOD SCREWS 

MACHINE SCREWS 
MACHINE SCREW NUTS 
TAPPING SCREWS 
THREAD-CUTTING SCREWS 
PHILLIPS AND SEMS SCREWS 


PIPE PLUGS 
STOVE BOLTS 
CAP SCREWS 
LAG SCREWS 
DRIVE SCREWS 
SPECIAL SCREWS 


COLD HEADED PRODUCTS 


WE ALSO SPECIALIZE IN MAKING ANY OF OUR PRODUCTS 
OF THE FOLLOWING MATERIALS 


Stainless Steel Copper 
Bronze Silicon Bronze 
Bross Ambrac 


Monel 
Aluminum 


Special Analysis 


ager ye 1a Mgt it) vale), | 


1962 BROADWAY * 


ROCKFORD, ILLINOIS 


Electro Switch Corp., Weymouth 88, Mass 
(sw 

Fasco Industries, Inc Rochester 2, N. ¥ 
EJO 

Federal Telephone and Radio Co., Div. of 
International Telephone and ‘Telegrapt 
Corp.. 100 Kingsland Rd., Clifton, N. J 
NS 

Fenwal, I 14 Pleasant Ashland, Ma 
(iF) 

Furnas Electric Co., 1024 McKee, Batavia 
Il ABC 

G-V_ Contr« 8 Hollywood Plaza 
East Orange (FPG) 

General Electric Co., Construction Mate 
rials Div Bridgeport 2, Conn. (S 
General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. (ABCDEFGHJK 
MNOPRSTUVWY) 
Guardian Electri 1627-F. W. Wal 

Chicago 12, Il. (CFGHN 
Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. (MOPRSU 
Haydon Mfg. Co., Inc 2527 Elm. Tor 
rington, Conn. (G 
Heinemann Electric Co.. 99 Plum. Tren 
ton 2, N. J. (O 
Hetherington, Inc 1200 Elmwood Ave 
Sharon Hill, Pa. (P 
Kellogg Switchboard and Supply (< 79 
Ww Monroe, Chicago I is Cross 
bar 
Lakewood Controls Corp., 264 E. Prairie 
Crystal Lake. Ill 
Leach Relay Div., Leach Corp.. 5915 Ava 
lon Bivd., Los Angeles 3, Calif 
Leland. Ir G. H., 123 Webster, Dayton 
Ohio 
Littelfuse Des Plaines, Ill 
Lux ¢ Manufacturing Cc Ir 
r i 1 G 
Meira ‘ T mas 
r nent D 
N J RG 
McQuay-Norris Manufacturing (< 2329 
Marcor St. Louis 10, Mo. (EJ 
Mallory & Co., In P. R.. Indianapolis 
6. Ind GNPSWY) 
Master Appliance Mfg. Co., Racine 2, Wis 
Mechanical Industries Production Co., 211 
Ast Akron 8, Ohio 
Mercoid Corp 4201 Belmont Ave., Chi 

41. Tl. (ABCDEF) 

Switch a Div of Minneapolis 
Honeywell Regulator Co Freeport. Il) 
BDFLSW 

Miller-Harris Instrument Co 601 E 
Ogden Ave., Milwaukee 2, Wis. (G) 
Oak Mfg. Co 5 Clybourn Ave chi 
» 10. | 7 
Ohmite Mfg. Co.. 3613 Howard, Skokie 
tl. (Ns 
Pass & Seymour, Inc., Solvay Station, Sy 
racuse 9. N. ¥ 
R-B-M ‘Control’ Div., Essex Wire Corp 
Logansport. Ind 
Robertshaw-Fulton Controls Co., Acro Div 
Columbus 16, Ohio (B 
Spencer Thermostat Div Metals & Cor 
rols rp 605 Forest Attlebor¢ 
Mass . 
Square 4041 N. Richards, Milwau 
kee 12 i ABCEFLOPR 
tackpole Carbon Co., St. Marys. Pa P 
Stromberg -Carlsor A Div. of General Dy 
s Corp., 117 Carlson Rd., Rochester 


1328 N. Halsted, Chicag« 


sctric & Machine Works, 11A 8S 

Jefferson. Chicago 6, Ill. (S 

Torq Engineered Products, Inc 34 W 
Monroe. Bedford. Ohio (V 

Unimax Switch Div., The W. L. Maxsor 
Corp.. Ives Rd.. Wallingford, Conn. (D 

Ward Leonard Electric Co 34 South 
Mount Vernon. N. Y. (CGHOR 

Westinghouse Electric Corp Gateway 
Center. Bldg. No. 3. 401 Liberty Ave 
Pittsburgh 30. Pa. ‘ABCDEFGHLOPS 

Zenith Electric Co., 152 W. Walton. Chi 
a o, I HR) 


SYNCHROS. See Servomechanisms 


TACHOMETERS 


Bristol Co., Waterbury 20, Conr 

General Electric Co., Apparatus Sales Div 
Schenectady 5. N ; 

Ideal Industries, Inc 1008 Park Ave 
Sycamore, Ill 

Reliance Electric & Engineering ¢ 2470 
Puclid Ave Cleveland 17, Ohi 

Weston Electrical Instrument Corp., A Sut 
f Daystrorr Inc 614 Frelinghuysen 
Ave Newark 5, N. J 


TAGS. TERMINAL 


National Band & Tag Co. Dept 4-254 
Newport, K 
Corr 9 tandolph Ave Wood 


Corp North Chi 


P. R., Indianapolis 


dale and COIL 


7005 Ingersol, Lan 


Dennison Manufacturing Co. 300 Howard 
Framingham, Mass 

Insulation Manufacturers Corp 565 W 
Washington Blvd.. Chicago 6, Ill 

Johns- Manville Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, Tl 

Kendall Co., Polyken Sales Div., 309 W 
Jackson Blvd., Chicago 6, Ill 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn 

Permacel Tape Corp., State Highway 25 
New Brunswick, N. J 


TAPE, FRICTION and SPLICE 


Insulation Manufacturers Corp 565 W 
Washington Blvd., Chicago 6. Ill 


JUNE 


irvington Div Minnesota Mining & Man 
ufacturing Co., 9 Argyle Terrace, Irving 
ton 11. N. J 

Johns-Manville, Box 14, New York 16 
N. ¥ 

Johns- Manville Dutch Brand Products 
7800 Woodlawn Ave.. Chicago 19, Ill 
Kendall Co., Polyken Sales Div., 309 W 
Jackson Blvd., Chicago 6, Ill 
Minnesota Mining & Mfg. Co., Electrical 
Products Div 900 Fauquier Ave St 
Paul 6, Minr 


TAPE, INSULATING. See Fabrics. I 
sulating; Sleeving and Tape, Asbestos 
Tape, Friction and Splice; Tape and 
Sheeting, Synthetic Resin 


TAPE, MAGNETIC RECORDING 
Magnetic Recorder Components 


TAPE, MICA. See Mica 


TAPE and SHEETING SYNTHETIC 
RESIN 


Borden ¢ 
‘ if 
Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

iu Pont de Nemours & Co. (Inc.), E. I 
Plastics Div., Polychemicals Dept., Wil 
mington 98, Del 

General Electric Co., Chemical Develer 
ment Dept.. Pittsfield. Mass 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicage 6. Ill 
Irvington Div., Minnesota Mining & Manu 
facturing Co., 9 Argyle Terrace, Irving 
ton 11, N. J 

Kendall Co. Polyken Sales Div 309 W 
Jackson Blvd.. Chicago 6, Ill 

Minnesota Mining & Mfg. Co Electrical 
Products Div 900 Fauquier Ave St 
Paul 6. Minn 

Natvar Corp 207 Randolph Ave., Wood 
bridge, N. J 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J 

Raybestos-Manhattan. Inc Plastic Prod 
ucts Div., Manheim, Pa 

Shamban & Co., W. S. 11617 W. Jef 
ferson Blvd.. Culver City, Calif 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camder 
N. J 


Resinite Dept., Santa Barbara 


TAPES, MEASURING 
Keuffe! & Esser C Hoboker N. 2 


TELEPHONES 

Crouse-Hinds Co., Syracuse 1, N. Y¥ 
Kellogg Switchboard and Supply Co 7? 
W. Monroe. Chicago 3. Ill 

National Pneumatic Co Inc Holtzer 
Cabot Div.. 125 Amory. Boston 19, Mass 
Stromberg-Carlson, A Div. of General Dy 
namics Corp., 117 Carlson Rd.. Rochester 
. = = 


TEMPERATURE CONTROLS. See Cor 
trols, Pressure and Temperature; Relays 
Switches; Thermometers; Thermostats 


TERMINAL BLOCKS. See Strips 
TERMINALS. See Lugs and Terminals 


TESTING CHAMBERS. See Chamber 
Test. 


TESTING INSTRUMENTS. See Instru 
ments. Also Tools, Portable. 


THERMAL SWITCHES. See Swit hes 


THERMISTORS 


General Electric “o Metallurgical Prod 
ucts Dept. 11131 E. 8 Mile Ave., De 
troit 32. Mich 


THERMOCOUPLES 
Assembly Products. Inc 
Ohio 

Baker & Co., In 113 Astor, Newark 5 
N. J 


Chesterland 14 


Bristol Co., Waterbury 20, Conr 

Genera! Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Rockbestos Products Corp New Haven 4 
Conn 

Westinghouse E tric Corp Gateway 
Center, Bldg 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp.. A sub 
f Daystrom. Inc 614 Frelinghuysen 
Ave., Newark 5, N. J 

Wheelco Instruments Div Barber-Colmar 
Ce 1403 Rock, Rockford, Ill 


THERMOMETERS 

Assembly Products, Inc 
Ohio 

Bristol Co.. Waterbury 20, Conn 

McGraw-Edison Co Instrument Div 
Dept West Orange, N 

Weston Electrical Instrument Corp., A sub 
of Daystrom Inc 614 Frelinghuysen 
Ave.. Newark 5, N. J 

Wheelco Instruments Div Barber-Colmar 
Co., 1403 Rock, Rockford, Il 


Chesterland 14 


THERMOPLASTIC WIRE. See Wire and 
Cable, Insulated 


THERMOSTATIC BIMETALS 
oa - Co., Inc., 113 Astor, Newark 5 


Brainin Co.. C. S., 318 Washington. Mt 
Vernon, N. Y 

Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn 

Chace Co., W. M., 1608 Beard Ave., De 
troit 9. Mich 

General Plate Div.. Metals and Controls 
Corp., 1906 Forest, Attleboro, Mas 

Wilson Co., H. A., Route 22, Union. N. J 
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HERMASEAL see arta Seals! 


——Hermaseal 


CALL US ON STANDARD 
AND SPECIAL TERMINALS. 


Hermaseal OCTAL Plug 


——Hermaseal 


... A successful pioneer since 
1943 in glass-to-metal seals, 
compression (cold rolled 
steel) and matched (Kovar), 
to meet your needs. 


Hermaseal NOVAL Header and 
Bracket Assembly. 


Hermaseal 


. with its expert engineer- 
ing staff and the latest in pro- 
duction equipment is ready 
to serve you. 


Hermaseal 10 Kilovolt TERMINAL 


For further information, 
phone 2-3773 or write: 


Ci. rr THE HERMASEAL COMPANY, — INC. 


1010 N. Main, Elkhart, Indiana 


° y) v ° ° My 
Coating 


Leading electrical manufacturers have 


General Electric All- | i lor- 
Transistor Pocket Radio Thinplates SEP SaROeTS Eee 


found that coating undersides of metal anodized aluminum foil plates used 
grids in waffle irons and sandwich for identification, information and 
toasters saves at least 15° in wattage. decoration for products from heavy 
7 e industrial equipment to housewares. 
SAUEREISEN Thinplates’ supple .003” and .005” 
gauges enable Thinplates to curve 
No. 7w snugly around any shape. Powerful 
adhesive backings keep Thinplates 
permanently flush-mounted to any 
surface without screws. Despite 
7A water, chemicals, heat or cold, time 
Sauereisen Cements Co., Pittsburgh 15, Pa. and abuse, Thinplates’ anodized faces 
stay bright and easy to read for the 

life of aluminum itself. 


D bf 4 3 M GENERAL ELECTRIC CHOSE THINPLATES to insure long- 
hans eal lasting beauty and distinction for its transistor pocket 


radio. The .005” gauge Thinplate dial face is adhesive 
Stops oy aon mounted to .032” gold anodized and embossed aluminum 
a aA yoamene peolees, be station selector knob. The knob assembly is permanent 
= making Dies and h Bakelite cap holding in color and finish, the dial face legible forever, because 
= soft-hair brush for ap- they’re anodized by Park. The extruded aluminum radio 
plying right at bench; ~ 
metal surface ready for case and .045” end caps are made by Park, too, and ano 
layout in a few minutes ' : 
aE diate Lines Uenehennaeendl dized for enduring attractiveness. Park’s anodized alumi 
makes the scribed lines num components and Thinplates bring new economy, 
beauty and durability to products of every kind. 


increases heat absorption, withstands thermal shock, provides a hard ceramic-like 
finish that resists water, oil, acids and temperatures up to 2500° F. Can be brushed 


or sprayed, needs no firing. Ask for catalog. 


show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
' accuracy. 
Sheek Blue, Write for sample 
peed * - on company letterhead 


THE DYKEM COMPANY 
=——— 230SF North 11th St. « St. Lovis 6, Mo. 


men 


Sa Wittost 


Nabe 


New! Thinplate Sample Kit. Write 
on your letterhead to Dept. EM. 


Tha) 


PARK nameplate company, inc. 
34-10 Linden Place Flushing 54, New York 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 119 





a0: 


and 


eet AY ae 


Our sales 
Ute Tuts) 
OL cel 
with you in 
developing 
special- 
purpose 
screws and 
bolts to 
meet your 
requirements. 
eo 
ee 
Mad 


NATIONAL LOCK ° 
ey Ta 


Rockford, Illinois 


Scien hatte 


THERMOSTATS 


Acro Manufacturing Co., Columbus 16. 
Ohio 

Barber-Colman Co., Dept. R, 1203 Rock, 
Rockford, Ill. 

Bristol Co., Waterbury 20, Conn. 

Curtiss-Wright Corp., Carlstadt, N. J 

Fenwal, Inc. 16 Pleasant, Ashland, Mass. 

G-V Controls. Inc., 8 Hollywood Plaza. 
East Orange, N. J. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. 

Hart Manufacturing Co., 211 Bartholomew 
Ave.. Hartford 1. Conn 

McGraw-Edison, Thomas A. Edison In- 
dustries, Instrument Div., Roseland 
N. J 

Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave.. Chi- 
cago 41, Ill. 

Robertshaw-Fulton Controls Co., Acro Div.. 
Columbus 16, Ohio 

Speneer Thermostat Div., Metals & Con- 
trols Corp., 3606 Forest, Attleboro, 
Mass. 

Stevens Mfg. Co., Inc., Lexington and 
Mansfield. Ohio 

Still-Man Manufacturing Corp., 429-33 E. 
164th. New York 56, N. Y. 

ae Engineered Products, Inc., Bedford, 
Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wheeilco Instruments Divy., Barber-Colman 
Co.. 1403 Rock, Rockford, Ill 

Wiegand Co., Edwin L., 7530 Thomas 
Bivd., Pittsburgh 8, Pa 

Wilcolator Co., 1001 Newark Ave., Eliza- 
beth, N. J 


TIMERS, MOTOR 


AEMCO. Inc., 50 State, Mankato, Minn 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis 

Automatic Temperature Control Co., Sub 
of Safety Industries. Inc., 5284 Pulaski 
Ave., Philadelphia 44. Pa 

Bristol Co., Waterbury 20, Conn 

Bristol Motor Div.. Vocaline Co. of Amer- 
ica, Inc., Old Saybrook, Conn 

Cramer Controls Corp., Box 8. Center- 
brook, Conn 

Controls Co. of America. Soreng Div., 
9551 Soreng Ave., Schiller Park, Il 

Dimco-Gray Co.. 210 E. 6th, Dayton 2, 
Ohio 

_— Signal Corp., 202 20th. Moline 1, 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20, Conn 

Haydon Mfg. Co., 2527 Elm, Tor- 
rington, Conn 

Industrial Timer Corp., 1411 McCarter 
Highway, Newark 4, N. J. 

Iaix Clock Manufacturing Co., Inc. Water- 
bury 20, Conn 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Til. 

Miller-Harris Instrument Co 601 E 
Ogden Ave., Milwaukee 2, Wis 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Stromberg-Carlson, A Div. of General Dy- 
ee , 117 Carlson Rd., Rochester 

Ward Leonard Electric Co., 34 South, 
Mount Vernon N. Y. 

Westinghouse FElectric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Zenith Electric Co., 152 W. Walton, Chi- 
cago 10, Ml 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Micronics Div., 
Elgin, ML 


TIME SWITCHES. See Switches. 


TOOLS, PORTABLE 


Barber-Colman Co., Dept. R 1203 Rock, 
Rockford, Ill. (Hardness Testing) 

Gardner-Denver, Keller Tool Div.. Grand 
Haven, Mich. (Pneumatic) 

Master Appliance Mfg. Co., Racine 2, Wis. 

oe Son, Inc., Joseph T., Chicago 

Scruggs Co., Leyd, 1022-83 N. Sixth, 
St. Louis 1, Mo 

Syntron Co., Homer City, Pa. 

Thomas & Betts Co., Inc., 28 Butler, 
Elizabeth 1, N. J. (Terminal Tools) 
United States Steel Supply Div.. United 
States Steel Corp., 208 S. La Salle, 

Chicago 4, Ml 


TRACING CLOTH, FILM and PAPER 

Clearprint Paper Co., 1482 67th, Emery- 
ville, Calif 

Keuffel & Esser Co., Hoboken. N. J. 

Ozalid. A Div. of General Aniline & Film 
Corp., Johnson City, N. Y. 


TRANSDUCERS, PRESSURE 


Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Electro Products Laboratories. Inc., 4501 
N. Ravenswood Ave., Chicago 40, Il. 
Servomechanisms, Inc., Mechatrol Div., 625 

Main, Westbury, L. L, N. Y. 


TRANSFER SWITCHES. See Switches. 


TRANSFORMER HOUSINGS. See Cabi- 
nets, Sheet Metal. 


TRANSFORMERS, ELECTRONIC 


Acme Electrie Co.. Cuba, N. Y. 
Caledonia Electronics & Transformer Corp., 
Dept. EM-11, Caledonia, N. Y. 


JUNE 


Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Ill. 
Comar Electric Co., 3349 W. Addison, 
Chicago 18, IIL 

Dano Electric Co., 93 Main. Winsted, 
Conn, 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, Til 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Transformer Corp., 18240 Harwood 
Ave., Homewood, Ill 

Nothelfer Winding Laboratories. P. O 
Box 455, Dept. 101, Trenton 3 J 

RCA Electron Tube Divy., Radio Corp. 
of America, Harrison, N. J 

Sola Electric Co., 4633 W. 16th, Chicago 
50. Ill 

Standard Electrical Products Co., 2240 E. 
Third. Dayton 3, Ohio 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

United Transformer Co., 150 Varick, New 
York 13, N. Y. 


TRANSFORMERS, BALLAST. See Fluo- 
rescent Lamp Auxiliaries. 


TRANSFORMERS, INSTRUMENT 
CURRENT 


Acme Electric Corp.. Cuba, N. Y. 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chieago 18, Tl. 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, Ill 

Dano Electric Co.. 93 Main, Winsted. 
Conn 

Electran Mfg. Co., 
Chicago 14, ITIL. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5. N 

General Transformer Corp., 18240 Harwood 
Ave.. Homewood, Il 

Sola Electric Co., 4633 W. 16th, Chicago 
50, Til 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30. Pa 

Weston Electrical Instrument Corp.. & sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


1901 Clybourn Ave., 


TRANSFORMERS, POWER CIRCUIT 


Acme Electric Co., Cuba, N. ¥ 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp.. Ad- 
jison & Elston Ave., Chicago 18, Ill 

Comar Electric Co., 3349 W. Addison. 
Chicago 18, Til 

Control, Box 391, Butler, Pa, 

Cutler-Hammer, Inc., 1264 St. Faul Ave., 
Milwaukee 1, Wis 

Dano Electric Co., 93 Main Winsted. 
Conn 

Dormeyer Industries, 3414 Milwaukee Ave. 
Chicago, TIL 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, Til 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

General Transformer Corp., 18240 Harwood 
Ave., Homewood, Tl 

Hevi Duty Electric Co.. Milwaukee 1, 
Wis 

Nothelfer Winding Laboratories, P.O. Box 
455, Dept. 101, Trenton 3, N. J. 

RCA Electron Tube Div., Radio Corp 
of America, Harrison, N. J. 

Sola Electric Co.. 4633 W. 16th, Chicago 
50, Tih 

Standard Electrical Products OCo., 2240 E. 
Third, Dayton 3, Ohio 

Ther Electric & Machine Works, 114A 
S. Jefferson, Chicago 6, Tl. 

United Transformer Co., 15@ Varick, New 
York 13, N. Y. 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14. Mo. 

Westinghouse Electric .. Gateway 
Center, Bldg. No. 3, 401 berty Ave.. 
Pittsburgh 30, Pa. 


TRANSFORMERS, VARIABLE 
VOLTAGE 


Acme Electric Corp., Cubs, N. Y 

Comar Electric Co., 3349 W. Addison. 
Chicago 18, Ml. 

Electran Mfg. Co., 1901 Clybourn Ave.. 
Chicago 14, TL 

Hevi Duty Electric Co., Milwaukee 1, Wis 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 

Standard Electrical Products Co.. 2240 E. 
Third, Dayton 3, Ohio 

Superior Electric Co.. 808 Middle, Bristol. 
Conn, 


TRANSMISSIONS and PULLEYS, 
VARIABLE SPEED 


Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, TIL 


TRANSISTORS and CRYSTAL DIODES 


Clevite Transistor Products, 241 Crescent, 
Waltham 54, Mass. 

Federal Telephone and Radie Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Electronies_ Div., 
Electronics Park, Syracuse 1, N. Y. 

Hoffman Semiconductor Div. of Hoffman 
Electronic Corp., 930 Pitner Ave., 
Evanston, Tl 

International Rectifier Corp.. 1521 EL 
Grand Ave., El Segundo, Calif 

International Resistance Co., 401 N. Broad. 
Philadelphia 8, Pa. 

Hughes Products, Semiconductors, Div. of 
Hughes Aircraft Co., International Air- 
port Sta., Los Angeles 45. Calif. 

RCA Semiconductor Div., Radio Corp, of 
America. Harrison, N. J. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y. 
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Plug & Receptacle 


S AV £ . .. on time, labor and unit cost! 


Cut assembly costs 75% and simplify multiple circuit hook-ups 
for faster service. Terminals, individually or in reels, crimp 
on wires and snap-lock into bodies, eliminating soldering 
operation. Stock and custom models available in a variety 
of contact arrangements. Made of Molex plastic, UL ap- 
proved, with excellent electrical and physical properties. 


Molex also manufactures terminal blocks, disconnects and 
wiring terminals to simplify your wiring problems. 


Literature on the quality line of Melox wiring 
devices is available. Write to Dept. EM-67 


MOLEX PRODUCTS CO. 


BROOKFIELD. ILLINOIS 


FOR IMPREGNATING 
coils, wire coverings, paper forms, 
porous ceramics, etc. 


FOR SEALING 


condensers, batteries, exposed ter- 
minals, etc. 


FOR DIPPING 

electrical component assemblies in- 
cluding corona loss barrier mate 
rials. 


FOR POTTING 

transformers and electrical com- 
COMPOUNDS ponent assemblies with varying 

degrees of heat conductivity. 
FOR BLENDING FOR ENCAPSULATING 
to your specifications. Data coils, electrical component assem- 


and samples furnished upon  blies requiring higher thermal and 
request. moisture resistance. 


BIWAX CORPORATION 
3443 HOWARD ST. _— SKOKIE, ILLINOIS 


30 YEARS OF WIRE STRIPPING 
ia EXPERIENCE 


Not just 30 years of 
building one or two types 
of standard wire strippers, 
but continuous research and 
development of mafy wire 
Strippers to meet ever 
changing needs. 
Speedcraft (illustrated) has 
widest application and su- 
perior performance on most 
kinds of smaller wire. 


larger sizes inquire 
our Air Operated 
Cable Stripper. 
Consult us about your wire 
stripping problems. 


Write for complete information—sending wire samples—no obligation. 


WIRE STRIPPER CO. 1729 EASTHAM AVE. 


E. CLEVELAND, OHIO 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


talk about 


moisture resistant... 


then you’re talking about 


CONTINENTAL 


insulated wire and cable 


e 


ontinental 


WIRE CORPORATION 
WALLINGFORD, CONN. YORK, PENNA. 


APPLIANCE HINGE WIRE — AG 
For connecting upper and lower heating sur- 
faces of waffle irons and sandwich grills. 
With glass braid and asbestos insulation for 
greater dielectric, moisture and abrasion 
resistance. 


RADIO HOOK-UP 
WIRE — MIL-W-76A Extruded insu- 


lation available plain, or with nylon jacket, 
glass or synthetic braid, or shielded. Excellent 
dielectric, as well as moisture and heat 
resistance. 


MOTOR LEAD CABLE — AVA 
and AIA ideal for applications where 
moisture, oil, grease or corrosive vapors are 
present. Available in sizes from 18 AWG to 
500,000 CM. 


FACT FILLED CATALOG 
NEW, COMPLETE CATALOG OF 
CONTINENTAL WIRE AND CABLE 
AVAILABLE ON REQUEST. 





> BOLTS 


i 


SPADE 
HT 
mH 


ti 


SPECIALISTS IN DESIGNING AND MANUFACTURING OF ALL 
PURPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUCE 
OVER 1,000 STYLES IN ANY SCREW SIZE, MATERIAL, FINISH, 
QUANTITY, OR TO YOUR SPECIFICATIONS. 


SERVING INDUSTRY FOR THIRTY FIVE YEARS 
Builetins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES * STAMPINGS * SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22, 1LLINOIS 


NEW DESIGN 


and 


PRODUCTION 


e 


through 
HIGH HEAT 


DISSIPATION 


% Cut Costs over conven- 
tional designs yet still 
improve quality. 


% Provide superior shield- 
ing—totally encased con- 
struction. 


% Longer Life — potted to 
withstand severe humid- 
ity conditions. 


%* Highest commercial qual- 
ity appearance. 


We invite your inquiry. 


; Generat Transrormer Company 


hill serving industry sinces1928 
18240 Harwood Avenue, Homewood, Illinois 
(Suburb of Chicago) | 


| New Jersey Wood Finishing Co. 


| Rogan 


Texas Instruments Incorporated, 6000 Lem 
_,mon Awve., Dallas 9. Texas 
Transitron Electronic Corp 
Mass 
Westinghouse Electric 
Center, Bldg. No. 3, 
Pittsburgh 22, Pa 
TUBE PARTS 
trenic Tube 


Wakefield, 


Corp 


Gateway 
401 


Liberty Ave., 


(Electronic). See Elec- 
Components 


TUBES, CATHODE RAY 


Du_Mont Laboratories. Inc.. Allen B., 
Bloomfield Ave., Clifton, N. J 

General Electric Co., Tube Dept., Schenec- 
tady 5, N. Y. 

Radio Corp. of America, Tube Div.. Har- 
rison, N 


760 


TUBES, ELECTRON 


Amperite Co., Inc 
York 12, N. ¥ 

Du Mont Laboratories, Inc., 
Bloomfield Ave., Clifton, N. J. 

Eitel-McCullough, Inc., San Bruno, Calif 

=e Inc., 127 Sussex Ave., Newark 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Tube Dept., Schenec- 
tady 5, N. Y. 

Hughes Products. Electron Tube, Div 
Hughes Aircraft Co., International 
port Sta.. Los Angeles 45, Calif. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


TUBES, 
Glass, 


(industrial) 


561 Broadway, New 


Allen B 


760 


of 
Alr 


METALLIZED GLASS. 


See 
Technical 


TUBES, PHOTOELECTRIC. See Photo- 
electric Cells and Tubes. 


TUBES, THERMOCOUPLE 


Bristol Co., Waterbury 20. Conn. 
Kanthal Corp., 3 Amelia Place, Stamford, 
Conn 


TUBING, ALUMINUM. See Aluminum. 


TUBING, BRASS, BRONZE and COP- 
PER. See Brass, Bronze and Copper. 


TUBING, FIBRE. See Fibre. 


TUBING. LAMINATED METAL. See 
Laminated Metals, Precious and Base 


TUBING, MICA. See Mica. 


TUBING NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy 


TUBING, PAPER 


Cleveland Container Co.. 6201 Barberton 
Ave., Cleveland 2, Ohie 

Continental-Diamond Fibre. A Sub. of The 
Budd Co., Newark 13, Del. 

Paramount Paper Tube Corp., 612 Lafay- 
ette, Ft. Wayne 2. Ind 

Precision Paper Tube 


Co., 
Charleston, Chicago 47 


Il 


2035 =W. 


TUBING, SILVER. See Silver and Silver 
Alloys. 


TUBING and SLEEVING. BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 

Bentley, Harris Mfg. Co., 1205 Barclay, 
Conshohocken, Pa 

Borden Co., Resinite Dept 
Calif 

Brand & Co., William, Willimantic. 
Conn 

Continental-Diamond Fibre, A Sub. of The 
Budd Co.. Newark 13, Del 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Tl 

Irvington Div., Minnesota Mining & Manu- 
facturing ae 9 Argyle Terrace, Irving- 


, Santa Barbara 


Inc., 


ton 11. N 

L.O.F. Glass Fibers Co., 1801 Madison 

Ave.. Toledo 1, Ohio 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

Owens-Corning Fiberglas Corp., 598 Madi- 
son Ave., New York 22. N. ¥ 

Varflex Corp., 504 W. Court, Rome. N. ¥ 

Westinghouse Electric Corp Gateway 
Center. Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


Borden Co., Resinite Dept., Santa Barbara, 
Calif. 

Brand & Co. William, Willimantic, 
Conn 

General Electric (Co., 
Decatur, TI). 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, TIl. 
Irvington Div., Minnesota Mining & Manu- 
facturing Co., 9 Argyle Terrace, Irving- 

ton 11, N. J 
National Vulcanized Fibre Co.. 
ton 99. Del, 
Natvar Corp., 
bridge, N. J 


Inc., 


Plastics Dept.. 


Wilming- 
207 Randolph Ave., Wood- 
, Electrical 
Woodbridge, N. J 

Commercial & Foster 


N. 


Insulation Dept. 
Phalo Plastics Corp 
Worcester 8. Mass 
Brothers, 8027 
Skokie. Tl 
United States Gasket Co., Plastics Div. of 
se Packing Co., Camden 1 


Varfiex Corp., 504 W. Court, Rome. N. ¥ 


Monticello Ave., 


TUBING STEEL. See 


Forms and Grades 


Steel, Commercial 


TUNGSTEN. 


Fansteel Metallurgica 
cago, Ill 

Mallory & Co., I P 
6, Ind 


See also Contacts 


Corp., North Chi 


UNDERCUTTERS, 
Undercutters 


MICA 


UNIVERSAL JOINTS 


Lovejoy Flexible 
Lake, Chicago 


Coupling Co., 4802 W 


44, Ill 
VACUUM TUBES. See 
Ray; Tubes, Electron 


VALVES, MANUAL and MECHANICAL 


Ross Operating Valve Co., 133 E 
Gate Ave., Detroit 3. Mich 


Tubes, Cathode 


Golder 


VALVES. MOTORIZED 
OPERATED 


Automatic Switch Co 
Florham Park, N. J 
Automatic Temperature Control Co.. Sub 
of Safety Industries, In 5234 Pulaski 
Ave., Philadelphia 44. Pa 
Barber-Colman Co., Dept. R, 1203 Rock 
Rockford. Ill 
Bristol Co., Waterbury 20, Conn. 
Controls Co., of America, Soreng Div 
9551 Soreng Ave., Schiller Park, Ill 
General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 
McQuay-Norris Manufacturing 
Marconi, St. Louis 10, Mo. 
Mercoid Corp., 4201 Belmont 
eago 41, Ill 
Ross Operating Valve Co., 133 E 
Gate Ave., Detroit 3, Mich 
Skinner Electric Valve Div., New Britain 
Conn 
Westinghouse Electric 
ter, Bldg. No. 3 
Pittsburgh 30, Pa 


or SOLENOID 


50-M Hanover Rd 


Co., 
Ave., Chi 


Golder 


Corp 
401 


Gateway Cen 
Liberty Ave., 


VARNISHED FABRICS. 
Insulating 


See Fabrics 


VARNISHES, COMPOUNDS 
RESINS, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., 
Haven 14, Conn 

Borden Co., Resinite Dept 
Calif 

Borthig Co., Inc., George C., 
East Rutherford 6, N. J 

Brand & Co., In William, Willimantic 
Conn 

Celanese Corp 0 
Newark 5, N 

Ciba Co., Inc., 
i, 

Dow Corning 
(Silicone) 

du Pont de Nemours & Co., 
Plastic Div Polychemicals 
Wilmington 98, Del 

Durez Plastics Div 
chemical Co., 1306 
Tonawanda, N. Y 

General Electrie Co., Laminated Products 
Dept Coshocton, Ohio 

Insulation Manufacturers 565 
Washington Blvd., Chicago 6, Il 

Irvington Div., Minnesota Mining & Manu 
facturing Co., 9 Argyle Terrace, Irving 
ton 11, N. J 

London Chemical Co 
Ave., Melrose Park, Ill 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec 
tady 1. N. ¥ 

Minnesota Mining & Mfg. Co., 
Products Div 900 Fauquier 
Paul 6, Minn 

Oronite Chemical Co 
Francisco 4, Calif 

Sherwin-Williams Co., General 
Div.. Cleveland 1, Ohio 

Union Carbide Corp., Sillicones Div 42( 
Lexington Ave New York 17, N. Y¥Y 

Westinghouse Electric Corp., Gateway Ce 
ter, Bldg. No. 3 401 Liberty Ave 
Pittsburgh 30, Pa 

Zophar Mills, Inc., 112-130 26th, Brooklyr 
32, N. ¥ 


and 
New 
Santa Barbara 
Drawer 115 
290 


America Ferry 


627 Greenwich, New York 


Midland, 


(Inc.), E. 1 
Dept 


Corp Mich 


Hooker Electro- 
Walck Road, North 


Corp., w 


Ine., 1537 


N. 3lst 


Electrica 
Ave., St 


200 Bush, Sar 


Industrial 


VARNISHES, FINISHING. See Lacquers 
Enamels, Paints and Varnishes, Finish 
ing 


VARNISHES, INSULATING. See 
nishes, Compounds and Resins 


Var 


V-BELTS. See Drives. Belt 


VIBRATION TEST MACHINES 


General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Westinghouse Electric Corp., Gateway Ce 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


VIBRATORS 


Aerovox Corp 
American Television & 
Paul 1, Minn 

Bristol Co., Waterbury 20 

Mallory & Co., Inc., P. R 
6, Ind 

Oak Mfg 1258 Clybourn 
cago 10 


New Bedford 
Radio 


Mass 
Co. St 
Conn 

Indianapolis 
Co. 
Tl 


Ave.. Chi 


WAXES and COMPOUNDS 


Biwax Corp., 3443 Howard. Skokie, Ill 

Dow Corning Corp Midland Mich 

General Electric Co., Laminated Products 
Dept. Coshocton, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co.. Schenec 
tady 1, N : 
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CHAPMAN 
Automatic Armature 
Slot Pegging Machine 

Using paper cord. 


MACHINES BUILT TO 
ORDER FOR PEGGING 
ARMATURES AT THE 
RATE OF 140 PEGS 
PER MINUTE. 

RANGE: 

1% to 3” Dia. 

% to 4 Length” 


Write for Bulletin P 


P. E. CHAPMAN ELECTRICAL WORKS, INC. 
1820 Chouteau Ave. « St. Louis 3, Mo. 
Cable Address: CHAPWINDER 


MARK WIRES PERMANENTLY! 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


P< 5S fe 
—< 


Aluminum, steel, brass, 
or zinc. 


Big variety, many 
styles, and sizes 


For aircraft, radio, tele- 
phone, motor and gener- FREE SAMPLES AND FOLDER LISTING 
ator manufacture, etc. ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 
THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 


jan 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


They called off test after 
20,000,000 operations... 


The Bristol Multiple-Spline socket screw still held fast though 
customer engineers had expected only 2,000,000 operations! 

The screw locked and held critical contact adjustment to 
0.001” in an ultra-reliable polar telegraph relay. Test was run by 
the manufacturer, Automatic Electric Company, Chicago, mak- 
ers of telephone and communication equipment and electrical 
control devices for industry. 

During the 20,000,000-cycle life test, the 0.006” contact space 
did not exceed the 0.001” allowable tolerance. This was made 
possible by the Bristol cap screw which locked the adjustment 
screw in place. This relay—using 4 Bristol socket screws in all— 
not only has to hold adjustment under operating shocks, but has 
to operate reliably under extremes of temperature and humidity 
in outlying railroad telegraph stations. The Bristol screws as- 
sure easy adjustmcat or disassembly when needed. 

Reports like this are typical of the outstanding performance 
Bristol socket screws are giving hundreds of manufacturers of 
fine products—ranging from electric razors to guided missiles. 

Bristol offers the most complete line of socket screws on the 
market. Hex socket screws—the industry standard—as well as 
Multiple-Spline. Cap, set, and with every style of point. Sold 


through leading industrial distributors. Ask for complete data 
on them today. A.7.1 


3 Precision socket screw manufacturers since 1913 


Bristol's Hex Socket Screws 1 Bristol's Multiple- 


Spline Socket 


* ab Screws 


OV iso: 


‘ 
*Made in sizes as small as No. 0 in Alloy Stee! and Stainless Steel. Cap Screws up to 142”. | 
ae NVA MMOL ia RMN Cannel MURS EL Cie ole ral ee 





ELECTRICAL PORCELAIN 


built to your 
specifications. 
your 


hy 
EV: 





Trimmers 


drawings and 
Send us 


inquiries. 





Sub-Miniature 


precision wire-wound 


Potentiometers & 


and 





102 to 250K 100 to 150K 
VY.” size Y,” size 
linearity +.3 % linearity +3 % Acetrim 
Acepot extremely high low price actual size 
actual size resolution 
proved in usel , 2"0t (petit 1 ce 
order; linearity +.3%; %” size; weight 


For applications where 
you must be sure .. 
fill your potentiometer 
and trimmer needs with 
these space and weight 
saving, bighly accurate 
and reliable units. 


Expedited delivery on 
prototypes; prompt 
scheduling of produc- 
tion orders. Send for 
catalog sheets and ap- 
plication data sheets. 


* Trademarks applied for 


‘y 


A 
E > ACE 


424 


Dept. EM 
tel: SOmerset 6-5130 - 


\% oz.; torque: .035 oz./in. @ 20° C 
power: 2 watts for 60° C. rise; ambient 
temperature: —55° C. to 125° C. (neu 
X-500 operates to 150° C.); standard 


servo or flush mountings; single or ganged 
units; tapped units, self-contained locking 
device; sealed, moisture-proofed, anti-fun 
us treated; meets applicable portions of 
AN specs and MIL-E-5272A standards 


ACETRIM (trimmer) 10 ohms to 150K std 
+5%; linearity +3%; %%” size; weight 
1% oz.; torque: low or high as required 
power: 2 watts for 60° C. rise; available 
with panel anti-rotation pin, stops and self 
contained locking device (new Acetrim es 
pecially for printed circuits has round or 
flat tabs for easy assembly); meets appli 
cable portions of JAN specs and MIL 
5272A standards; low price. 


ELECTRONICS ASSOCIATES, INC. 


101 Dover St., Somerville 44, Massachusetts 


Engineering Representatives in Principal Cities 


Minnesota Mining & Mfg. Co., Electrical 


Products Diy 900 Fauquier Ave... St 
Paul 6. Minn 

Zophar Mills, Inc,. 112-130 26th, Brooklyr 
32, KX. ¥ 


WEDGES and PEGS. ARMATURE 


Insulation Manufacturers Corp., 565 W 
Washington Blvd Chicago 6, Ll 

Mica Insuiawr Co Sub. of Minnesota 
Mining & Manufacturing Co.. Schenec- 
tedy i, N. Y¥ 

National Vulcanized 
ton 99. Del 


WELDING EQUIPMENT 


Fibre Co., Wilming- 





General Electric Co Apparatus Sales 
Div., Schenectady 5, N. \. (Arc) 

Precision Welder and Flexopress Corp., 
3520 Ibsen Ave., Cincinnati 9, Ohio 
Revere Copper and Brass Inc., 230 Park 
Ave.. New York 17, N. ¥ 

Unitek Corp.. 258 Halstead Ave., Pasa 
dena 8, Calif 

Westinghouse Electric Corp., Gateway Cen 
ter, Bidg, No. 3, 401 Liberty Ave 
Pittsburgh 30. Pa 

WELD NUTS. See Fasteners 
WHEELS, BLOWER 

Master Appliance Mfg. Co., Racine 2, Wis 


Torrington 
Cona. 


WINDING MACHINES. 
ing Machines 


Manufacturing Co., Torrington, 


See Coil Wind 


WIRE and CABLE. BARE 


American Brass Co., Waterbury 20, Conn 

American Steel & Wire Div... U. 8S. Steel 
Corp., Rockefeller Bidg., Cleveland 15 
Ohio 


Anaconda Wire and Cable Co., 25 Broad 


way, New York 4, N. Y¥ 

Chase Brass & Copper Co., Sub. of Ker 
necott Copper Corp., Waterbury 20, Conn 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y 

Essex Wire Corp Wire and Cable Div., 
Fort Wayne, Ind. 

General Cable Co., 420 Lexington Ave 
New York 17, N. Y. 

General Electric Co., Construction Mate- 
rials Diy Bridgeport 2, Conn 

Page Steel & Wire Div., American Chain 
& Cable Co., P.O Sox 692 Monesser 
Pa. (Stainless or Carbon Steel, Armature 
Banding 

Phelps-Dodge Copper Products Corp., Fort 
Wayne, Ind. 

Riverside-Alloy Metal Div.. H. K. Porter 
Co., Inc., Riverside, N. J. 

Roebling’s Sons Corp. John A Sub. of 
Colorado Fuel & Iron Corp Trenton 


2, N 


Rome Cable Corp Rome, N. Y 


Kyerson & Son, Inc Joseph T, Chicago 
80. Ill 
Sylvania Electric Products, Inc 1740 
Broadway, New York 19. N. Y 
WIRE and CABLE, INSULATED 
Asbestos (A) 
Rubber (B) 
Varnished Fabric (C) 
Thermoplastic (T 
Coaxial Cable (X) 
American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 15 
Ohio 
Amphenol Electronic Corp., 1830 S. 54th 
Ave., Chicago 54, Ill. (X) 
Anaconda Wire and Cable Co., 25 Broad 
way, New York 4. N. Y. (ABCTX) 
Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Ill, (ABTX) 

Brand & Co., Inc., William, Willimantic, 
Conn. (TX) 

Chase Brass & Copper Co., Sub. cof Ken- 
necott Copper Corp., Waterbury 20, Conn 


Continental Wire Corp., Wallingford, 
Conn. (ATX) 
Cornish Wire Co., Inc., 50 Church. New 


York 7, N. Y. (BT) 


Crescent Co., Carol Cable Div., Pawtucket 





= 

Eastern Insulated Wire Corp., Walling 
ford, Conn. (ABCT) 

Essex Wire Corp., Wire and Cable Div., 
Fort Wayne, Ind. (BT) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 


Corp., 
(TX) 


100 Kingsland Rd., Clifton, N. J 





General Cable Corp 420 Lexington Ave 
New York 17, N. ¥ 

General Electric Co Construction Mate 
rials Div Bridgeport 2, Conn. (ABCX) 


Hitemp Wires In ze 
Mineola, N. Y I 


Windsor Ave 


Phalo Plastics Corp.. Commercial & Fos 
ter, Worcester 8. Mass. (TX 

Phelps-Dodge Copper Products Corp., Fort 
Wayne, Ind. (ABCTX) 

Plastoid Corp 42-61 24th. Long Island 


Cy i. N, F 


Rockbestos Products Corp., New Haven 4 
Conn, (AT) 

Roebling’s Sons Corp John A., Sub. of 
Colorado Fuel & Iron Corp., Trenton 
2. N 

Rome Cable Corp.. Kome N. Y. (BTX) 

Royal Electric Corp., Pawtucket, R. 1 
ABT) 

U. 8. Rubber Co., Rockefeller Center, New 


York 20, N. Y¥ 


WIRE CUTTERS and STRIPPERS. See 


Strippers, Wire 

WIRE CUTTING PLIERS and TWIST- 
ERS. See Pliers and Cutters, Wire. 

WIRE FORMS. See Springs. Coil anu 
Flat; Stampings, Metal 

WIRE, MAGNET 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4. N. Y 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Ill 

Chase Brass & Copper Ci Sub. of Ken. 


necott Copper ¢ p 
Electric Auto-Lite Co. 





Waterbury 20, Conn 
Wire and Cable 


Div., Port Huron, Mich 
Essex Wire Corp.. Magnet Wire Div.. 
Fort Wayne 6, Ind 


General Cable Corp., 


420 Lexington Ave 
New York 17, N. Y 


General Electric Co., Construction Ma 
terials Div Bridgeport 2, Conn 
Hitemp Wires, Inc., 26 Windsor Ave.. 
Mineola, N. Y 

Phelps-Dodge Copper Products Corp.. Inca 
Manufacturing Div Fort Wayne, Ind 

Rockbestos Products Corp., New Haven 4, 
Conn 

Roebling’s Sons Corp., John A., Sub. of 


Colorado Fuel & Iron Corp., Trenton 2, 
J 


N 

Rome Cable Corp., Rome, N. Y 
Sprauge Electric Co., 307 Marshall, North 
Adams, Mass 

Tensolite Specialties Inc., 198 Main, 
Tarrytown, N. Y. 

WIRE, RESISTANCE 

Bristol Co., Waterbury 20, Conn 


Driver (x 

Highway 
Driver-Harris Co., 
Kanthal Corp., 3 


Wilbur B IST5) MeCarter 
Newark 4, N. J 

Harrison, N. J 
Amelia Place, Stamford 


Conn 

Ney Co., J. M., P. O. Box 990 Hartford 1, 
Conn 

Riverside-Alloy Metal Div., H. K. Porter 
Co., In Riverside, N. J 

WIRE STRIPPERS. See Strippers, Wire. 

WIRE TIES 

H. F. Hanscom & Co., Inc 6 Virginia 
Ave., Providence 5, R. I 

WIRING DUCTS. See Duets, Wiring 


WIRING HARNESSES. 
and Assemblies, Wire. 


See Harnesses 
WORK FEEDERS 


Mead Specialties Co., 4114 N. Knox Ave 
Dept. E-17, Chicago 41, Ill 


WORMS and WORM WHEELS. See 
Gears and Pinions 

WRENCHES, SOCKET SCREW. See 
Socket Screw Keys and Wrenches 
YARNS, BRAIDING and SERVING. See 
Fabrics, Insulating 

ZINC 

New Jersey Zine Co., 160 Front, New 
York, N. Y 


FOLDING DOUBLE CUPPED WASHER LUGS 


— Solderless ummm )O 


Easy to Apply 
as No Special Tool Needed 


0 










Efficient in 
Service 


JUNE 19 


One-Piece Construction 


et 


Uta 4 ew tag) 


1043 EVANS STREET, CINCINNATI 4, OHIO 





Write for 
Bulletin 8-DF 
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MIDGET OVAL Evamcuen RESISTORS 


Supplementing the TRU-OHM standard line of oval resistors is the MIDGET 
OVAL which is desirable where size is most important and must be kept to 
a minimum. Available in three sizes from 1,700 to 8,000 maximum resistance. 
We invite your inquiry. 


As the world's largest producers of wire-wound 
resistors, we suggest you specify TRU-OHM for 
any and every type of resistor. 


TRU-OHM Power Rheostats 


Available from 25 to 150 watts for any and every application 





... from stock or designed to meet your most exacting needs. , 3 
We always ship on time Our new catalog is available 
ee ... and we expedite for you ... your copy is now available 


General Sales Office: 2800 N. Milwaukee Ave., Chicago 18, Ill. 
bi Factory: Huntington, Indiana 

HLA RY Oar mL MANUFACTURERS. Power Rheostats, 
Model Engineering & Mfg., Inc. Fixed Resistors, Adjustable Resistors 


Econohm Resistors, “Tru-rib” Resistors 


Strip Wire Faster, Cleaner... 
Save Time, Eliminate Rejects 


Using Lonco Chemical Wire Strip- 
pers, one operator can strip over 
2,000 armatures or several thousand 


field coils, yoke coils, etc., per day 
Leads are stripped brilliantly clean 
to exact point desired. Strippers vola- 
tilize from leads in seconds, eliminat- 


ing any possibility of corrosion or leakage. 
Save time and money with Lonco Chemical 
Wire Strippers. Available in 1-gal- 


Prt lon bottles or 6 '2-gallon carboys. 
Request bulletin. 


LONDON CHEMICAL CO., INC. 


# 
S e r Vv i C » 1537 N. 31st Ave., Melrose Park, lil. 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 


record their interests on any one of the post- coils to customers’ specifications. Design or 
cards just preceding the back cover, in the engineering assistance available on request. 
manner suggested. The publisher will func- 


tion for readers, immediately contacting the COTO COIL CO INC 
sources for the data requested, or forwarding - 7 ° 


e If whatever appears anywhere in this is- 
sue, either in the editorial or advertising 
ages, stimulates a desire for additional in- 
ormation, it is only necessary for readers to 


reprints. SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 








READER INOUIRY SERVICE CARDS, PRECEDING BACK COVER 
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Nippert Commutators 
meet every test for 
quality performance 


Each Nippert Commutator is 



































given a thorough inspection before 








shipment. An electrical testing 








machine, which can be set for any 








required voltage, simultaneously tests 








for bar to ground and bar to bar 





leakage. 














No detail is spared to assure that 








every Nippert commutator will meet 








all the requirements of voltage and 








temperature for which it is designed. 
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Electric Products Co. 
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INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnished 
expressly for that purpose which appear just preceding back cover 


A'G’A Div., Elastic Stop Nut Corp. of 
America 


413 
AMP Incorporated ss 
Accurate Spring Manufacturing Co. 268 
Ace Electronics Associates, Inc. 424 
Acme Electric Corp. 415 
Adams & Westlake Co., The 185 
Advanced Vacuum Products, Inc., A Div., 
of General Ceramics Corp. 396 
Airpax Products Co., Engineering Div. 304 
Akron Porcelain Co. 371, 424 
Allegheny Ludlum Steel Corp. 315 
Allen-Bradley Co. 285, 286 
Allen Manufacturing Co. 203 
Allied Research Products, Inc. 50 
Allis-Chalmers, General Products Div. 45, 301 
Allis Co., The Louis 54, 55 
Alpha Molykote Corp., The 409 
Aluminum Co. of America 308 
American Brass Co., The 307 
American Nickeloid Co. 288 
American Steel & Wire Div., United States 
Steel Corp. 67 
American Stock Gear Div., Perfection 
Gear Co. 192 
American Television & Radio Co. 242 
Amersil Co., Inc. 312 
Amphenol Electronics Corp. 362 
Amplex Div., Chrysler Corp. 291 
Anaconda Wire & Cable Co., Magnet Wire 
Headquarters 93, 94 
Anderson Controls, Inc. 246 
Arnold Engineering Co., The 257 
Arrow-Hart & Hegeman Electric Co., The 214 
Associated Research Inc. 220 
Associated Spring Corp. 191 
Automatic Electric Sales Corp. 393 
Automatic Switch Co. 231 
Automatic Temperature Control Co., Inc., 
Sub. of Safety Industries, Inc. 266 
B-G-R Cook Plant, Div. of Associated 
Spring Corp. 191 
Baldor Electric Co. 202 
Barber-Colman Co. 280 
Barnes Co., Wallace, Div. of Associated 
Spring Corp. 191 
Barnes-Gibson-Raymond, Div. of Associated 
Spring Corp. 191 
Beaver Gear Works 411 


Belden Manufacturing Co. . Inside Front Cover 
Berkeley Div., Beckman Instruments, Inc. 383 


Biwax Corp. 421 
Bodine Electric Co. 187 
Boesch Manufacturing Co., Inc. 194 
Bourns Laboratories, Inc. 314 
Brainin Co., C. S. 413 
Brand & Co., Inc. William 51 
Bristol Co., The, Socket Screw Div. 423 
Bristol Motor Div., Vocaline Co. of 
America, Inc. 316 


Brush Electronics Co., Div. of Clevite 
Corp. 224, 225 


Buchanan Electrical Products Corp. 407 
Burndy Corp., Omaton Div. 223 
Bussman Mfg. Div., (Mc-Graw-Edison 
Co.) 9 
Cambridge Thermionic Corp. 323 
Carlyle Johnson Machine Co., The 265 
Carr Fastener Co., Div. of United-Carr 
Fastener Corp. 16 
Century Electric Co. 329 
Ceramic Specialties Co., The 371 
Chapman Electrical Works, Inc., P. E. 423 
Chase Brass & Copper Div., Sub. of Ken- 
necott Copper Corp. 75 
Chatillon & Sons, John 244 
Chicago & Eastern Illinois Railroad 210 
Chicago Rivet & Machine Co. 234 
Chicago Standard Transformer Corp. 232 
Ciba Co., Inc., Plastics Div. 399 
Cincinnati Ventilating Co., The 282 
Cissell Mfg. Co., Inc., W. M. 417 
Clare & Co., C. P. 79 
Clarostat Mfg. Co., Inc. 235 
Cleveland Cap Screw Co., The 271 
Cleveland Container Co., The 358 
Clevite Transistor Products, A Div. of 
Clevite Corp. 311 
Colonial Insulator Co.. The 7 
Columbia-Geneva Steel Div., United States 
Steel Corp. 67 






Comar Electric Co. 336 
Communication Products Co.. Inc. 248 
Constantin & Co., L. L. 27 
Coatinental-Diamond Fibre, A Sub. of the 
Budd Co. 43 
Continental Screw Co 325 
Continental Wire Corp 421 
Control, A Div. of Magnetics, Inc. 213 
Controls Co. of America 345 
Cords Limited Div., Essex Wire Corp 44 
Cornell-Dubilier Electric Corp 370 
Corning Glass Works 395 
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TYPE D BLOWERS 


long life 
simple meintenance 


Single or double blowers, with 
durable metal housing, are 
powered by type D shaded pole 
induction motor. Rugged units 
require little oiling, won’t inter- 
fere with radio or TV. Standard 
operation is on 115 V, 60 cy- 
cles, AC. Single unit has load 
speed of 3200 rpm, 55 cfm; 
double unit operates at 3100 
rpm, 100 cfm. Other frequen- 
cies and voltages available. 


Heinze Blowers are designed 
to your exact specifications — 
for vending machines, photo 
dark rooms, laboratories, kit- 
chens, refrigerators, air con- 
ditioning units, furnace draft 
boosters, animated displays, 
cooling electronic equipment, 
and other general cooling appli- 
cations. Write for new catalog 
to Department Bp. 


ELECTRIC COMPANY 
685 Lowrence St., Lowell, Mass. 
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Silicones Div., Union Carbide Corp. 317 
© for military and industrial applications. Illus- Simpson Electric Co. 209 
; . b Skinner Electric Valve Div. 313 

e trated are some of these units . .. any can be 


, . ; Smith Corp., A. O. Electric Motor Div. 64, 65 
modified to meet your specific requirements if the Sola Electric Co. 





309 
e s . . Spaulding Fibre Co., Inc. 247 
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e trols Corp. 98 
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pon = — . is prepared to follow through with production Beniages tt co. : a 
geared to meet your requirements Wenco Manufacturing Co. 422 
e whether a basic timing unit or a highly Westinghouse Electric Corp. 38, 39, 66. 
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T. get further information regarding anything 


which has been published in this issue—editorial 
or advertising pages—readers should use the post- 
age-prepaid postcards provided here. 


Suggestions 
For Use of 
Reader 


Inquiry 
Service 


To speed up the servicing 
of reader inquiries, two sets 
of postcards are provided 
here. The cards on this page 
are for use in requesting 
data pertaining to the edi- 
torial pages — reprints of 
editorial articles, detailed 
information on new com- 
ponents and materials, also 
manufacturer’s literature as 
reviewed in the editorial 
pages. 

The postcards on follow- 
ing page are for use in re- 
questing further information 
on advertised products or 
services — including techni- 
cal bulletins and other 
printed matter as offered 
in the current advertise- 
ments. 

Readers are requested to 
ask only for data for which 
there is a genuine need, pres- 
ent or potential. Within 48 
hours after receipt, the pub- 
lisher will promptly process 
all cards and will pass along 
a complete record of inquir- 
ies to manufacturers. 
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SEC. 34.9, P.L.& RB. 
NEW YORK,.N.Y. 





BUSINESS REPLY CARD 


No Postage Stamp Necessary if Mailed in the United States 





POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK 20, N. Y. 
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NEW YORK,.N.Y. 





BUSINESS REPLY CARD 


No Postage Stamp Necessary if Mailed in the United States 





POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK 20, N. Y. 





Te request information from Editorial pages . . . 


Circle appropriate numbers on card below to request Editorial 
Reprints, detailed information on New Components or Materials, 
or Manufacturer’s New Literature. Please type or print your name 
and address. For publisher record purposes, also be sure to indicate 
principal product of your plant, division or department. 


Those cards which are properly and completely filled out as requested will be processed premptly. 


New Components, 
Materials, Equipment 


pre See page 188 


NEW LITERATURE | REPRINTS 


201 216 231 


202 217 232 

New or improved end 
product designs often have 
their beginning in new de- 
205 220 235 velopments in components. 
Realizing the importance of 
readers keeping posted on 
207 222 237 all such new components, 
208 223 238 the editors have scanned the 
field, by personal contact 
and by mail, to present only 
210 225 240 that which is new. 


211 226 241 


203 218 233 
204 219 234 


206 221 236 


208 224 239 


212 227 242 
213 228 243 
214 229 244 
160 165 218 230 245 


Principal Product Monufactured 


Literature, Printee 
Matter, Catalogs 


per See page 272 


Most usable and valuable 
data presented in interesting 
129 154 169 204 219 234 booklets, guides, catalogs 

, and printed pieces. These 
are often illustrated by in- 
141 156 171 206 221 236 terpretive photographs or 

157 172 207 222 237 engineering drawings. 

To get data pertinent to 

specific problems, readers 

159 174 209 224238) | nay circle numbers and re- 
130 160 175 210 225 240 ceive literature for imme- 
diate study and use or for 
the engineering data file. 


121 136 151% 166 181 201 213 231 
182 137 152 167 182 | 202 217 232 
138 153 168 203 218 233 


140 155 170 205 220 235 


158 173 208 223 238 


131 161 1768 211 226 241 
132 147 162 177 212 227 242 
133 148 163 178 183 | 213 228 243 
134 149 164 179 194 | 214 229 244 
135 150 165 180 195 | 215 230 245 


Principal Product Manufactured 


individual 





Re LEELA 


Reprints of 
Editorial Features 


>Pre See page 272 


Articles are chosen for re- 
printing if they are espe- 
cially significant or include 
data that lends itself to per- 
manent filing. 

Due to a heavier reader 
demand than can be foreseen 
at time of original order it 
becomes mecessary to re- 
print some features several 
times. 

Tear sheets of non-reprint- 
ed features are available in 
limited number, and can be 
had by letterhead request. 


Advertised Products : 
and Services 


Hundreds of manufactur- 
ers are using the pages of 
ELECTRICAL MANU- 
FACTURING, primarily to 
sell their products and serv- 
ices. 

However, these ads not 
only sell but they inform. 
Often these advertisements 
contain engineering data 
that can be put to practical 
use, or an advertiser may 
indicate he is qualified to 
help solve a_ particular 
problem. 


Cards will be processed by publisher 
if received by August |, 1957 


2 Te 


To request information from Advertising pages 


Write in on card below the names of advertiser companies from 
whom you wish to receive further information on products or 
services advertised on pages you have noted. Please type or print 
your name and address. For publisher record purposes, be sure to 
indicate the principal product of your plant, division or department. 


Those cards which are properly and completely filled out as requested will be processed promptly. 


Have advertisers indicated send more informafion 
(Place a check ( ¥) alongside names 
i# salesman is to call) 


Principal Product Manufactured 


individual 


Have advertisers indicated send more information 
(Place a check (V) alongside names 
i# solesmaa is to call) 


Dept. or Div. 


Advertiser age Bi 


individual 
Principal Product Manufactured 
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and materials 
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PERMIT NO. 45 
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Product or Service 


Latest Catalogs 
and Bulletins 
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Electrical Manufacturing 


1250 Sixth Avenue 
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ANOTHER DRIVE REQUIREMENT MEETS ITS 


You may not need clock drives, but time 
(production time) is a problem everywhere 
and that calls for the most dependable, most 
efficient use of electric drives—like here! This 
clock, with 300 Ibs. of hands and four 24-foot 
dials is powered by a Master Gearmotor driv- 
ing a precision gear train. With that accurate 
Master drive, here’s a one-jewel clock! 


Are you sure you've got the right answer to 
your drive requirements? Master components 
can be integrated in any combination to give 
you the right horsepower, right shaft speed, 
right mounting features, in a single, efficient, 
compact unit. Now’s the time to let us prove it. 


MASTER ELECTRIC 
MOTORS 





Motor Ratings......1’ to 400 H.P. All phases, voltages, frequencies. 


Motor Types Squirrel cage, slip ring, synchronous, repulsion- 


start induction, capacitor, direct current. 


Construction Open, enclosed, splash-proof, fan-cooled, ex- 


Speeds... 


plosion-proof, special purpose. 


Single-speed, multi-speed, and variable speed. 


Installation Horizontal and vertical, with or without flanges 


and other features. 


Power Drive 


Features 


THE 


Electric brakes (2 types)—5 types of gear re- 
duction up to 432 to 1 ratio. Mechanical and 
electronic variable speed units—fluid drives— 
every type of mounting. 


MASTER ELECTRIC COMPANY 
Dayton 1, Ohio 








The ‘works’ of a tower clock. ¥% H.P., 115/230 volt, 
60 cycle, 1 phase Master Right Angle Gearmotor supplies 
main drive with a $ynchronous output speed of 30 R.P.M 
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in Thermostats 
Type S by 
STENCO 


Manufacturing Company, Inc., Lexington and Mansfield, Ohio 


Stemco thermostats are also used in leading: Roasters e Fry 
Kettles e Vaporizers @ Flat lons e Butter Warmers e Refrigerators 
STEMCO Water Tanks ¢ Waffie Irons e Percolators » Steam Irons e 


THERMOSTATS Sterilizers @ Rectifiers e Funs e Electronic anid Avionic Devices 


® 


